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ABSTRACT OF REPORT. 



The greensand marl belt of New Jersey extends across the State 
from the vicinity of Sandy Hook at the northeast to Delaware River 
near Salem at the southwest, a distance of about 100 miles. It is 
crossed at many places by railroads, and by streams that flow into 
Delaware River. 

The potash in the greensand marl occurs chiefly in the mineral 
glauconite, which is essentially a hydrous silicate of ferric iron and 
potassium. Nearly all the Cretaceous formations contain glauconite, 
but only three contain sufficient amounts to be considered conmier- 
cially important, though in some others it is locally abundant. These 
three are the Navesink (the lowermost), Homerstown, and Manas- 
quan marls, which are described respectively as 25 to 40, 30, and 25 
feet thick. The marl beds, which form part of the Coastal Plain 
strata, strike about N. 55^ E. and dip about 33 feet to the mile south- 
east, but there are some variations. The gently inclined and poorly 
consolidated beds that compose the marl are beveled by erosion and 
covered to a greater or less extent by later deposits. 

Five type areas were explored by borings and made the basis of 
specific estimates. These were at Salem and Woodstown, in Salem 
County; Sewell, in Gloucester County; Somerdale, in Camden County; 
and Elmwood Road, in Burlington County. The data gathered from 
borings were supplemented by well data, both published and impub- 
lished, and by field data on file in the office of the State department of 
conservation and developme||t. 

It is conservatively estimated that the New Jersey greensands 
contain 256,953,000 ^ort tons of potash (K^O) that could be mined 
by open-pit methods. At the rate of importation for the five years 
preceding the World War, including 1914, this quantity could supply 
the needs of the United States for nearly 1,000 years. Should it 
ever become practicable to use imderground methods of mining, the 
available quantity of potash would be enormously increased. 

The lime sand in probable conmiercial thickness is exposed or has 
been recognized in wells as far north as Wrightstown. 

Four companies have undertaken to produce or utilize the potash 
from New Jersey greensand. Small quantities of potash have been 
produced and marketed by some of these companies, but none are 
now producing. The potash industry of the United States was dealt a 

vn 
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severe blow by the conditions arising after the armistice was declared. 
It seems probable, however, that some of the large developments will 
survive. Whether or not greensand may have a place in the American 
potash industry will depend on how well the greensand operators 
may be able to compete not only with German producers but also 
vnth American producers of potash from other sources 

Recent experiments indicate that the potash in greensand is 
promptly available to meet the needs of many and perhaps most 
farm crops. 

Composite samples, so prepared as to represent the principal beds 
of conmiercial thickness at each, of the locidities drilled, were washed 
and the residues magnetically separated and sized. A variety of 
determinations upon original or prepared samples were also made 
in the chemical laboratory of the United States Geological Survey. 
The residts of these separations and determinations are discussed 
both in their relation to the recovery of potash from greensand and 
in their bearing on the origin of glauconite. 
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POTASH IN THE GREENSANDS OF NEW JERSEY. 



By Geoboe Rogers Mansfield. 



INTRODUCTION. 
FUBPOSE ANI> SCOPE OF INVESTIGATION. 

The work on which this report is based was begun in the fall of 
1918 as a part of the S3rstematic search for potash conducted by the 
United States Geological Survey since 1910. 

The New Jersey greensand marls have long been known to contain 
small amounts of potash, lime, and phosphate. For more than 100 
years they were dug and marketed as fertilizer, and in the late sixties 
the amiual amount so used aggregated nearly 1,000,000 tons.^ With 
the introduction of prepared fertilizers the marl industry died away, 
but small amounts of greensand are still dug and used here and there. 
It has been considered impracticable to extract commercially 
the potash from greensand because of the relatively insoluble char- 
acter of the mineral in which the potash is locked up. Of late years, 
however, there has been considerable experimentation in processes 
of extracting potash from silicate minerals, and the New Jersey 
greensands, which are silicates, have attracted attention because 
of their accessibiUty, abundance, and relative ease of mining. The 
scarcity of potash resulting from the shutting out of German supplies 
during the World War gave impetus to these experiments and 
permitted hope of the establishment of a potash industry in the 
United States in which the New Jersey greensands might be an 
unportant factor. 

Much general information about the greensands was available 
through the published reports of the Geological Survey of New 
Jersey and of the United States Geological Survey and from other 
sources. The greensand beds had been mapped and described in 
considerable detail. There was, however, little specific knowledge 
regarding the quantity, thickness, and character of the deposit 
and the accompanying overburden at any particular place. The 
purpose of the work, therefore, was to procure data sufficient to 
permit estimates of the tonnage of potash in certain areas that are 

*CoQk» O. H., Qtal0C7 of New Jnsey, p. 461, 1868. 
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favorably situated 'feu* 'commercial enterprise, and to determine the 
nature and thicloiiess of the overburden in those areas. 

The investigation was begun at the instance of the United States 
Gteologic^ Survey, but the New Jersey Department of Conservation 
and Development cooperated in it, with the understanding that the 
cost*' of /the work shoidd be divided as nearly equally as possible 
between the State and the Federal Survey. The money actually 
, •/••expended in field work amounted to $2,884, of which the State paid 
:*;/-!.''$l,550 and the Survey $1,334. The Survey, however, furnished 
the time of the field geologist and the numerous chemical analyses 
and assimied the other expenses incidental to the preparation and 
pubUcation of the report. 

ACKNOWIiBDGHENTB. 

The writer desires to express his thanks to Dr. Henry B. KCbnmel, 
State geologist, and his staff for much helpful information and for 
the use of unpublished data, including field notes, manuscript maps, 
and well records. Several days were spent at his office in the study 
of this material. Dr. Kummel accompanied the writer on several 
trips to different parts of the marl belt, one of which was made possi- 
ble by the kindness of Prof. Gilbert Van Ingen, of Princeton Univer- 
sity, who gave his time and the use of his automobile. Dr. M. W. 
Twitchell, assistant State geologist, went over some 500 cards in 
search of analyses that might bear on potash exploration, hunted 
out munerous well records, and kindly permitted the use of his 
unpublished manuscript on the water resources of the State. 

The numerous analyses embodied in this report were made in the 
laboratories of the Greological Survey, mostly by R. K. Bailey, 
though some were made by Chase Palmer and E. T. Erickson. George 
Steiger, chief chemist, made many helpful suggestions, and W. B. 
Hicks, of the laboratory staff, visited parts of the field with the 
writer. E. S. Larsen, jr., examined a niunber of thin sections and 
made helpfid suggestions. Hoyt S. Gale, geologist in charge of 
the potash investigations of the Survey, Mr. Hicks, and Miss M. R. 
Nourse have contributed valuable suggestions and criticism. 

The writer is indebted to the following persons for permission to 
drill on their land: Messrs. Lfouis A. Fogg, T. R. Miller, and Lucius 
Hires, of Salem; Mr. Isaac K, Lippincott, of Woodstown; Mr. J. C. 
Voorhies, of Woodbury, secretary of the West Jersey Marl & Trans- 
portation Co. (owner of property at Sewell) ; Mr. Thomas McMichael, 
of Somerdale (Laurel Springs post office); Mr. Alfonso Fusco, of 
Elmwood Road; Dr. E. W. Taylor, of Germantown, Pa. (owner of 
property near Vincentown); Dr. J. Clifford Haines, of Vincentown; 
the Norcross & Edmunds Co., of Birmingham; Mr. W. G. Taylor, of 
Pemberton; Mr. Alfred Cox, of Juliustown; and Miss Rebecca 
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HoptdnSy of Homerstown. Unfortunately time was not sufficient 
for drilling at all these places. Mr. William T. Ho£Pman, of Bir- 
mingham, furnished useful information. 

Messrs. Oren Conover and Chalkley Haines, of Woodstown, and 
William B. Cooper, A. G. Dunphey, and Samuel R. Cooper, of Marl- 
ton, furnished local well data. Messrs. C. C. Holladay, of Harmers- 
ville, John L. North, of Sewell, and S. J. Taylor, of Mount Holly, 
contributed well data and helpful field suggestions. 

To the officials of the R. S. Ryan Co. the writer is indebted for 
numerous courtesies, especially to Mr. F. Tschimer, who conducted 
him through the plant at Reeves station while it was in operation 
and permitted the collection of specimens and other data on the com- 
pany's property. Mr. George F. Von Kolnitz kindly furnished data 
regarding the process and plans of the Atlantic Potash Corporation. 
Messrs. T. C. Meadows, general manager, and George Hafer, engi- 
neer of the Eastern Potash Corporation, furnished valuable informa- 
tion and courteously arranged for an inspection of the corporation's 
experimental plant at Jones Point, N. Y. Mr. David L. Frank, 
vice president of the Coplay Cement Manufacturing Co., of Coplay, 
Pa., was kind enough to explain the comoany's experience in the 
use of greensand. 

The personal kindnesses extended to the writer by the residents 
at different places during the progress of the work are too numerous 
to mention individually but are gratefully appreciated. 

LOOATION OF DEPOSITS. 

The greensand-marl belt extends across the State of New Jersey 
from the vicinity of Sandy Hook, at the northeast, to Delaware 
River near Salem at the southwest, a distance of nearly 100 miles. 
It lies along the southeastern border of the broad strip of Cretaceous 
deposits shown on the index map (fig. 1). The width of the belt 
ranges from nearly 14 miles in Monmouth Coimty, at the northeast, 
to 1 mile or less in parts of Gloucester County, toward the southwest. 
The detailed distribution of the greensand marl is shown in Plates 
I to III (in pocket), compiled from unpublished maps prepared by 
G. N. Kiiapp, formerly of the New Jersey Geological Survey. 

TBANSPOBTATION FACHJTIES. 

The railroads that connect the seashore resorts along the coast of 
New Jersey with New York, Philadelphia, and other cities (see 
fig. 1) cross the marl belt at a number of places and could supply 
suitable transportation for potash and other products that might 
be derived from the greensand. The marl belt is also crossed by 
numerous streams which flow into Delaware River, some of which, 
such as Mantua, Rancocas, and Crosswicks creeks, are large enough 
to be utilized, at least in part, for transportation. Companies pro- 
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posing to establish plants for utilizing greensand would do well to 
consider the possibilities of water transportation in their estimates 
of cost. 

OBNBRAIi FEATURES OF THE DEPOSITS. 



The potash occurs chiefly in the mineral glauconite, which con- 
stitutes the green grains of the so-called marl. The term ''marl" 
as used in New Jersey includes a variety of materials. Thus we 
have greensand or glauconitic marl, clay marl, sand marl, and lime 
sand or lime-sand marl. Ordinarily greensand is implied when the 
term is used, but one or more of the other types is frequently in- 
duded, especially in well records, so that it is difficult or impossible 
to make any detailed stratigraphic interpretation of many of these 
records. 

The greensand beds are in general unconsolidated deposits consist- 
ing of variable proportions of glauconite grains, clay, quartz, and a 
variety of small fragments of other minerals. A more detailed 
description of these constituents and their relative proportions is 
given in the sections on mechanical analyses of greensand, chemical 
analyses, and nature and origin of glauconite. (See pp. 116-133, 
138-142.) 

The glauconite imparts a greenish color to beds in which it occurs, 
and beds consisting largely of dark-green or black glauconite appear 
nearly black when freshly opened. The claylike constituents, where 
abundant, impart color to the beds. Thus some are light green, 
but others are dark green, drab, or chocolate-brown, although in each 
bed the glauconite grains are generally dark-green or nearly black. 
Likewise where quartz grains are abundant the beds have a color 
resembling that of a mixture of pepper and salt. There is much 
similarity of appearance between masses of the black phase of the 
greensand and masses of disintegrated material from beds of black 
or brown oolitic phosphate rock in the Idaho field. 

The glauconite grains range in size from less than one one-hundredth 
to more than one-twentieth of an inch. Some of the larger grains 
resemble casts of shells of Foraminifera. Many appear to be more or 
less irregular aggregates of small rounded masses, and others seem 
to be small nodules irregularly cracked and recemented. The smaller 
sizes are worn and have evidently been transported to their present 
positions from neighboring or other sources. (See PI. IV.) Clay 
with grains of glauconite forms nodules and casts of shells. Nodules 
containing more or less pyrite are present here and there, and locally 
tiny grains of pyrite occur. Nodules of phosphate of lime are also 
present. 

Marine shells and other marine fossils representing a considerable 
fauna have been foimd in the greensand beds. The shells are scat- 
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tered to some extent through the mass of the greensand, but there 
are two beds in which they are very abundant and which senre as 
horizon markers. These are respectively the BeUmniteUoAyeaiiDg 
bed, at the base of the Navesink marl, and the Terebraivla-heaiixig 
bed, at the top of the Homerstown marl. These formations are 
described on pages 10 and 11. 

The bedding of the greensand, so far as observed, seems relatively 
uniform and free from cross-bedding, though locally streaks of dif- 
ferently colored clay occur in a single set of beds. For example, at 
Sewell, where groensand is dug, the upper 2 feet of chocolate-colored 
material at the top of the so-called chocolate marl is streaked with 
green material of similar texture. At Somerdale a bed of drab 
material about 18 feet thick shows more or less streaking of gray 
and green throughout. 

STRIKE, DIP, AND THICKNESS. 

According to previous reports the average strike of the greensand 
beds is about N. 55^ E. The dip is estimated by Knapp at 33 feet 
to the mile, with some variations, for a distance of 15 miles back from 
the outcrop; at greater distances it apparently steepens. The gentle 
inclination of the beds and the erosion they have suffered cause them 
to wedge out along the northwest margin of the marl belt. The 
thickness therefore ranges from a few inches along the northwest 
margin to nearly 50 feet in places along the southeast mai^gin. 
Variations in thickness along the strike are due to local erosion or 
to differences in conditions of deposition. 

LOCAL NAHES. 

The greensand beds at some localities show sufficient variation in 
color and constituents to give rise to useful local names. Thus at 
Sewell three types are recognized — gray or bank marl, green marl, 
and chocolate marl. These names are applied to beds of commercial 
thickness, which are traceable through a considerable area. At 
Somerdale a small deposit consisting chiefly of quartz grains, iron 
oxide, clay, and a little glauconite is called red marl. 

ICODE OF OCCT7BBEN0E. 

The marl belt is part of the New Jersey Coastal Plain, which in 
turn is in the northern part of the great Coastal Plain that extends 
along the Atlantic and Gulf seaboards. Glauconite deposits occur 
in greater or less abundance in other parts of this plain and indeed 
in some of the older geologic formations not now associated with 
coastal plains, notably in the Cambrian sandstones of parts of the 
West and Southwest. According to present knowledge, however, 
the glauconite beds of New Jersey are probably richer in potash 
than those elsewhere. 
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I 

I The Coastal Plain in Kew Jersey has long been cited as an example 
of tlie belted t3rpe, with inner lowland, in-facing slope, out-facing 
I sh^, and outer lowland, caused by the erosion of gently dipping 
I itnta of somewhat unequal degrees of coherence or hardness and by 
ihe development of drainage upon those strata. The marl beds 
lie near or at the top of the in-facing slope and thus relatively near 
Delaware River, which occupies much of the inner lowland, and 
Ihur drainage in general flows toward that' lowland, producing the 
fiTorable conditions for water transportation previously noted. 

OLAUCONrrE-BEAMNG ANB ASSOCIATED FOBMATIONS. 

Age and general sequence. — The glauconite beds of New Jersey, wit& 
(oe exception, are of Cretaceous age. Glauconite occurs locally, 
however, in some of the overlying Tertiary and Quaternary beds as a 
result of the erosion and redeposition of Cretaceous material. At 
wme places, as for example, at Somerdale, about 9 miles southeast of 
Cunden, these reworked glauconite beds overlie beds of Cretaceous 
greensand and may readily be mistaken for them. Closer inspection 
of the reworked noaterial reveals pebbles scattered through its mass 
ud usually a more or less well-defined layer of pebbles at its base. 
Hie Cretaceous formations are described below and are shown with 
ttie overlying Tertiary formations in the accompanying table.' 
Crttaetiou* and laUrformotwni in Coatlal Plain region of Ntio Jeneg, 
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Rariiariforrnaiion. — ^The beds of the Raritan formation are of con- 
tinental origin and extremely variable, consisting chiefly of light- 
colored sands and clays. Some of the clays are highly refractory. 
Clays are more abundant in the lower half of the formation and 
sands in the upper half. Some of the sands are water-bearing. 
As the surface on which the beds were laid down was irregular the 
thickness of the formation is variable, ranging from 150 to 250 feet 
at the outcrop but increasing toward the southeast to more than 500 
feet, as shown by well borings. Its dip is somewhat steeper than that 
of the marl beds, ranging from 40 to 50 feet to the mile toward the 
southeast. Animal remains are scarce, but plant remains are numer- 
ous, and some of the genera and species are closely related to modem 
forms. The formation rests in places on Triassic rocks, but from the 
vicinity of Trenton southward it rests on ancient crjrstalline rocks 
of Paleozoic or pre-Paleozoic age. 

Magothy formation. — The Magothy formation is partly of conti- 
nental and partly of marine origin and includes beds of sand and day, 
some of which are utilized, with glauconite beds toward the top. On 
the shores of Raritan Bay the formation is 175 feet thick, but its thick- 
ness diminishes toward the southwest and along Delaware River is 
only 25 to 30 feet. Plant remains of a somewhat more recent aspect 
than those of the Raritan are numerous, and 43 species of marine 
fossils have been recognized. The Magothy lies unconf ormably upon 
the Raritan, but the discordance is not great and probably indicates 
only a slight land movement. The Raritan and Magothy formations 
are the chief sources of clay in the great center of the industry about 
the lower Raritan River and Raritan Bay. 

MerchantviUe day. — ^The Merchantville formation is a black glaa- 
conitic, micaceous clay about 60 feet thick, which is generally greasy 
in appearance and of massive structure and weathers to an in- 
durated brown earth. It is conformable with the beds both above 
and below and contains numerous marine fossils, the most charao* 
teristic species of which are rare or absent in adjacent strata. The 
Merchantville clay represents the lower part of the '^Crosswicks 
clay'' of Clark, forms the base of the ''Clay-Marl series" of Cook, 
and is the lowest of the five formations composing the Matawaa 
group of New Jersey. In Maryland the Matawan deposits are not 
subdivided and are called the Matawan formation. The Merchant- 
ville clay is utiUzed with the overlying Woodbury day in the manu' 
facture of brick and fireproofing material along the south shore of 
Raritan Bay in Monmouth County, in southern Middlesex and Mercer 
coimties, and in western Burlington and Camden counties. 

Woodbury day. — ^The Woodbury clay is a black nonglauconitic jointed 
clay about 50 feet thick which weathers to a light chocolate color 
and when dry breaks into innumerable blocks, many of them showing 
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cured surfaces of fracture. Some 95 species of marine fossils have 
been recognized, and these are more closely related to the Magothy 
species than to those of the underlying Merchantville. The beds 
are conformable with those above and below. They represent the 
upper part of the ''Crosswicks clay'' of Clark and are part of Cook's 
''Clay-Marl series." The formation is one of the five formations of 
the Matawan group. 

En^ishtovm sand. — ^The Englishtown is a conspicuous bed of white 
or ydlow quartz sand, slightly micaceous and sparingly glauconitic 
Locally it has been cemented in part by iron oxide into massive 
stone. South of Woodbury, in Gloucester County, it contains local 
beds of day that are utilized for making brick. In Monmouth 
County and to some extent farther south the Englishtown sand is 
an important water-bearing bed. It decreases in thickness from 100 
feet near Atlantic Highlands to less than 20 feet in the southern part 
of the State. It represents the lower part of the ''Hazlet sands" 
(rf Clark and forms part of Cook's ''Clay-Marl series." It was for- 
merly called the "Columbus sand" and is one of the formations of 
the Matawan group. It is not known to contain fossils. 

MarshallJUyum formatwn. — ^The Marshalltown formation ranges 
from a black sandy day to a dayey greensand marl. Locally it 
contains many fossils, its characteristic species being in part recurrent 
forms from the Merchantville and in part forms that occur in a higher 
formation, though absent or inconspicuous in immediately succeed- 
ing beds. The formation is 30 to 35 feet thick. It is a portion of the 
"laminated sands" that formed the upper part of the "Clay-Marl 
series" of Cook, although in the southwestern part of the State he 
referred these beds to the Navesink marl. It was included in Clark's 
"Hazlet sands" and is one of the formations of the Matawan group. 
In parts of Burlington and Camden counties beds of clay in the Mar- 
shalltown formation are used for the manufacture of brick. The 
Ijreensand of the formation is locally abundant and has been dug for 
fertilizer. 

Wenonah and Mount Laurel sands. — ^Above the Marshalltown 
foraiation there is a considerable thickness of sand regarding which 
there has been some difference of opinion. The terms Wenonah and 
Mount Laurd have both been applied to it in whole or in part. The 
Bind is of rather uniform character, though the lower part (Wenonah) 
is generally a fine micaceous sand, and the upper part (Moimt Laurd) 
is coarser and contains considerable glauconite. These sands con- 
Uin considerable water in the southern and central parts of the State, 
where they are about 80 feet thick, but toward the northeast they 
decrease both in thickness and in permeabiUty. 

88025''— 22 2 
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The fossils of the Wenonah are largely recurrent from the Wood- 
bury, and the same forms recur higher in the Redbank. The fossils 
of the Mount Laurel are identical with those of the Navesink and are 
closely allied to those of the Marshalltown. A noteworthy form that 
occurs in the Mount Laurel and extends into the basal bed of the 
Navesink is the pencil-shaped BdemniUUa americana. The com- 
bined thickness of the Wenonah and Mount Laurel formations is 40 
to 80 feet. The Moimt Laurel is very thin at Atlantic Highlands, 
where it was called "Sand-marl" by Cook, but increases much in 
thickness toward the southwest. The Wenonah sand is the highest 
formation of the Matawan group; the Mount Laurel is the basal 
formation of the overlying Monmouth group. 

Navesink marl, — ^The Navesink marl consists of greensand marl 
mixed with varying amoimts of quartz sand and fine earth containing 
much calcium carbonate in a powdery state. Where purest the 
marl has a dark-green to bluish-black color. The upper part of the 
bed contains progressively less greensand and is more clayey. The 
fauna is large, comprising 121 species, according to Weller, and is 
allied with that of the Marshalltown and Merchant ville beds; the 
characteristic forms of the Magothy, Woodbury, and Wenonah are 
absent. The basal bed of the Navesink at many localities, as at 
Mullica Hill, is a shell bed several feet thick (see PL VI, B), in which, 
as in the Mount Laurel sand, the pencil-shaped BelemniteUa ameri- 
cana is conspicuous. Another characteristic feature of this bed is 
the occurrence of smoothed or polished gravel grains, chiefly quartz, 
about one-eighth of an inch in diameter, for which Enapp sug- 
gested the name *' rice gravpl." The formation has a maximum thick- 
ness of about 40 feet, which diminishes southward to 25 feet or less. 
It corresponds in general to Cook's ''Lower marl," although some 
beds referred by him to the "Lower marl" have proved to be Mar- 
shalltown. It rests conformably upon the beds below and grades 
upward into the Redbank sand or, where that is absent, into the 
Homerstown marl. The Navesink is the middle formation of the 
Monmouth group. In Maryland the Monmouth deposits are not 
subdivided and are called Monmouth formation. The Navesink 
marl has been extensively dug for fertilizer throughout much of the 
marl belt. 

Redbank sandy including TinUm sand mefwiheT. — ^The Redbank beds 
consist for the most part of fairly coarse yellow and reddish-brown 
quartz sand, locally indurated by the infiltration of iron oxide. 
The lower beds are in many places somewhat clayey, and the fossils 
of the Redbank have been found mostly in the clayey layers. The 
fauna is a recurrence of Magothy, Woodbury, and Wenonah forms 
and differs in important respects from the Navesink fauna below. 
The Redbank sand has a maximum thickness of 100 feet in the north- 
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em part of the Coastal Plain, where it is a valuable water-bearing 
formation, but thins out southwestward and disappears in the vicinity 
of Skyesville, in the northern part of Burhngton County. It is the 
''Red sand" of Cook and earher writers but does not include certain 
sands in the southern part of the State that were erroneously cor- 
related by Cook with the ''Red sand" of Monmouth Coimty. With 
the Tinton sand member at the top it is the uppermost formation of 
the Monmouth group. The Tinton member consists of a bed of green 
indurated clayey and sandy glauconitic marl 10 to 20 feet thick in 
Monmouth County. Its fauna is more closely allied to that of the 
Navesink than to that of the Redbank and is characterized by large 
numbers of crustacean claws. It is Cook's "indurated green earth/' 
regarded by him as part of the "Red sand." 

Hamerstown marl. — ^The Homerstown marl is a bed of glauconite 
with clay and sand, having a total thickness of 30 feet or less. It 
does not differ much in appearance from the Navesink, although 
where unweathered it may have a greener tinge. Its faima, though 
meager, is different in essential characteristics from the fauna of all 
the underlying formations. A shell bed 4 to 7 feet thick at the top 
of the formation is a conspicuous feature at many localities. The 
brachiopod Terebratula harlani, which occurs in great numbers in 
the upper part of the shell bed, is perhaps the most distinctive fossil. 
At the north the formation rests with apparent conformity on the 
Tinton. Where that is absent it lies on the Redbank, and farther 
south, owing to the disappearance of the Redbank, it is continuous 
with the Navesink and not generally distinguished from it. It is 
conformably overlain by the Vincentown sand except where over- 
lapped by Tertiary formations. It is the "Middle marl" of Cook 
and the "Sewell marl" of Clark and forms the lower formation of 
the Rancocas group, the Vincentown sand being the upper formation. 
In Maryland the Rancocas deposits are not divided and are called the 
Bancocas formation. The Homerstown marl has been extensively 
dog and used as a fertilizer. 

Vineentovm sand. — ^The Vincentown sand presents two phases — 
(1) a calcareous or lime sand, more or less indurated and largely a 
Qiass of broken bryozoan, echinoid, coral, and other calcareous re- 
laains; (2) a glauconitic quartz sand. The two occur in alternating 
layers, although the lime sand is more common in the basal portion, 
particularly to the south, and the quartz sand predominates in Mon- 
laouth County. The fauna of the siliceous phase contains elements 
of the Homerstown fauna in association with forms characteristic 
tf the calcareous phase. The thickness of the formation ranges 
b(m 25 to 70 feet, but numerous well borings have shown that it 
thickens down the dip — that is, toward the southeast — as do most 
tf the other f oimationa. It rests conformably upon the Homers- 
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town marl and is overlain conformably by the Manasquan marl or 
overlapped by Tertiary beds. The Vincentown sand includes the 
'*lime sand'' and *' yellow sand" of Cook, the former of which was 
included by him as a part of the Homerstown (''Middle'') marl, 
and is the upper formation of the Rancocas group. The formation 
contains much water throughout the length of the New Jersey Coastal 
Plain. The more calcareous beds have been used locally for building 
stone and for burning. 

Manasqiuin marl, — ^The lower 13 to 17 feet of the Manasquan marl 
is, like the Homerstown and Navesink marls, composed largely of 
glauconite together with sand and clay and has a green or greenish- 
gray color. The upper 8 to 12 feet is made up of very fine sand 
mixed with greenish-white clay. Piles of this material look like heaps 
of ashes, whence the name '^ ash marl." Fossils are not abundant or 
well preserved. The thickness of the formation is about 25 feet. 
It corresponds to the "green" and *'ash" marls of Cook's "Upper 
marl bed" and is the youngest of the Cretaceous formations exposed 
in New Jersey. It rests conformably on the Vincentown and at 
most exposures is succeeded unconformably by Tertiary or Qua- 
ternary deposits, although locally it is overlain by a bluish marl of 
Eocene age (Shark River marl) without apparent unconformity. 
The Manasquan marl has been dug and extensively used as fertilizer. 

Tertiary and Qimterruiry formaiions, — ^Aside from the local deposits 
of reworked material already mentioned . the Shark River marl 
(Eocene) is the only post-Cretaceous formation that carries sig- 
nificant amounts of glauconite. The Shark River marl crops out only 
in a few small areas near Long Branch and Farmingdale, in Mon- 
mouth County. Its maximum thickness is only 11 feet, and though 
apparently conformable upon the Manasquan it is believed from well 
borings to overlap the Cretaceous. It has little commercial im- 
portance. 

The succeeding formations are sufficiently described for the pur- 
poses of this report in the table on page 7. They constitute much 
of the overburden to be encountered in exploitation of the marL 

Commercially important formations, — ^Although most of the Creta- 
ceous formations above the Raritan contain glauconite, only the 
Navesink, Homerstown, and Manasquan marls are sufficiently 
glauconitic to be of commercial importance. These formations, 
together with the intervening Redbank, Tinton, and Vincentown 
sands and Shark River marl, are shown in detail on the accompanying 
maps (Pis. I-III, in pocket). The full development of the inter- 
vening sands in Monmouth County explains the great breadth of 
the marl belt in that county. 

Southwest of Sykesville, in the northern part of Burlington County, 
the disappearance of the Redbank sand causes the Homerstown and 
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Navesink marls to merge in a single formation in which both faunas 
may be recognized^ but the respective parts of the formation are 
not clearly differentiated. Similarly the Manasquan marl practically 
disappears at a point about 4 miles southwest of Medf ord^ in Burling- 
ton County. It has been recognized about 8 miles farther south- 
west in a small exposure near Clementon^ in Camden County, and in 
Swedes Run^ Salem County. Thus southwest of the vicinity of 
Marlton^ in Burlington County, the marl belt practically includes 
only the combined bed of Navesink and Homerstown and the Vin- 
centown sand, which in that portion of the belt is locally very cal- 
careous. 

GEOIiOGIC STRUCTURE. 

The geologic structiure of the New Jersey Coastal Plain, as shown 
in Plate V, is that of a series of gently inclined layers of poorly con- 
solidated rock which have been beveled by erosion and many of 
which have been covered to a greater or less extent by later deposits. 
These layers of rock may be regarded as in large measure continuous 
throughout much of the Coastal Plain. Northwest of the area of its 
outcrop any particular bed is absent, but southeast of that area its 
depth increases regularly in the direction of the dip. 

An idea more or less current in the marl region is that the marl 
along streams is of better quality than that in places between streams. 
Consideration of the structure as above outUned should show that a 

« 

stream bears much the same relation to a marl bed as a carpenter's 
gouge or saw would to a board that was being shaped or cut. The 
tool might disclose differences in the grain or quaUty of the wood 
in the board but would have no part in producing those differences. 
The analogy between the marl and the board is not complete, 
however, because ground water percolates through the marl at 
many locahties and might be thought capable of removing fine par- 
ticles, especially beneath stream beds, where underflow may be 
presiuned to be relatively strong. Without a definite knowledge of 
the amount and distribution of the pore space of the marl in place 
it is impossible to deny that some removal of fine particles and con- 
sequent enrichment of remaining coarser material may be effected 
by ground water. On the other hand, the marl generally is com- 
pact, and the motion of ground water through it must be slow. The 
more clayey portions of the marl are in many places so tenacious 
that small dislodged masses of it successfully resist agitation in 
water for periods of several minutes. The differences noted in the 
marl are more probably to be ascribed, like the grain of the wood 
in' the board, to original structure. If better marl has been found 
along streams than elsewhere the reason is probably because it is 
niore abundantly exposed in stream valleys than elsewhere and 
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hence has been more commonly dug along the valleys. Further 
reference to enrichment is made on pages 133-135. 

The gentle dip of the marl beds^ previously noted, makes the area 
of their outcrop relatively broad and its outline intricate where 
crossed by streams. (See Pis. I-III, in pocket.) 

NATURE OF THE EXPOSURES. 

In fields and in roads the greensand gives a greenish color to the 
soil. In such places, however, the marl is likely to be mingled 
with other material. Locally it has proved to be redeposited marl, 
sand, and gravel of Quaternary age. 

In the days when Cook wrote his general report on the geology of 
New Jersey, published in 1868, the marl business was flourishing, 
marl pits were open and shipping was in progress at many points 
all along the marl belt. With the introduction of prepared fertili- 
zers and the decline of the marl industry most of the pits were aban- 
doned and given over to water, swamps, and vegetation. The 
sides or banks have slmnped and are now overgrown with brush and 
trees, some of which have trunks 3 to 6 inches in diameter, as in the 
large pit 2 miles northeast of Richwood, in Gloucester County (locality 
44, PI. I). 

At a few pits, notably at Sewell and Birmingham, digging is in 
progress or has been recently. These pits give excellent exposures 
of portions of the beds but do not afford complete sections. Plate 
VI, ^, shows some of the recent diggings and gives an idea of the 
present condition of one of the larger of the old pits. (See also PL 
IX, p. 80.) Exposures in road cuts give only partial sections and 
are seldom fresh. The same statement is true regarding stream 
valleys, except that the shell beds are locally well exposed in such 
places and thus furnish definite information about the position of 
the top or bottom of a bed. Plate VI, B, shows the shell bed at the 
base of the Navesink as exposed at Mullica Hill, in Gloucester County. 

Quaternary beds overlie the greensand deposits in greater or less 
thickness almost everywhere and are locally difficidt to distinguish 
from them. Tertiary beds are also present as part of the overburden 
in many places, as at Sewell. Complete sections of fresh material 
can be had only by boring. For this work doubtless the auger would 
suffice at many localities, but at others closely packed gravel and 
pebbles, loose wet greensand, heavy shell beds, or firmly cemented 
layers oflFer obstacles that only the drill can overcome. 

fieijD work. 

Selection of sites for drilling. — Preliminary trips, begun near Im- 
laystown, in the southwestern part of Monmouth County, and con- 
tinued southwestward throughout much of the marl belt, soon 
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demonstrated the need for drilling. Bids were invited, and the 
contract was let to Samuel J. Taylor, of Mount Holly. 

In the selection of sites for drilling five requisites were considered. 
(1) The sites must he so spaced as to represent a considerable portion 
of the marl helt; (2) each site must he located in a tract large enough 
and flat enough for the estahlishment of a plant and the opening of 
pits; (3) the probable overburden should not exceed 10 to 15 feet; 

(4) the site must be along the southeast edge of the outcrop belt in 
order that the maximum thickness of the marl might be available; 

(5) the site must be near suitable means of transportation. On the 
basis of these requisities preliminary sites and alternates were se- 
lected by study of the map. These sites were then visited and the 
surrounding country inspected before final decision was made. The 
ownership of the land was then determined, and permission for 
drilling was obtained. 

In such manner sites were selected at Salem and Woodstown, in 
Salem County; Sewell, in Gloucester County; Somerdale, in Camden 
County; Elmwood Road, in Burlington County; and other places 
which it was foimd impracticable to utilize. At each site a square 
containing 2^ acres was selected. Holes were sunk at each end of 
one side and a third hole for a check at the end or middle of the 
opposite side. At Salem and at Somerdale a fourth hole was sunk 
outside the square, but at Elmwood Road only two holes were sunk, 
the contract having expired before the third hole could be started. 
During the period November 20, 1918, to March 13, 1919, 16 holes 
were drilled imder the contract. These were all in the combined 
Homerstown and Navesink marls. In addition, through the courtesy 
of Mr. A. J. Mullen, superintendent of the Norcross & Edmunds Co.'s 
plant at Birmingham and Pemberton, men and tools were furnished 
for sinking three holes in the Manasquan marl on the property of 
that company. The distances between drilling sites range from 8 
to 12^ miles. 

The holes were sunk generally into or through the marl. They 
ranged in depth from 9 to 70 feet and averaged 37 feet. Of the 16 
holes bored under contract 12 afforded complete sections from the 
surface through the marl beds. Observations were made on the 
character and thickness of the materials penetrated, and about 140 
samples were collected for analysis. Numerous well records were 
also gathered. 

After the drilling was completed a trip with the State geologist 
into parts of Monmouth County gave opportunity for brief inspection 
of additional portions of the marl belt. 

Method of drilling. — Considerable variation was found in the char- 
acter and behavior of the overburden and of the marl in regard 
drilling at the different sites and in the different holes at the s 
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site. Ek][uipment and methods that worked well at one hole would 
be unsatisfactory at another. Thus at almost every hole a certain 
amount of experimentation was necessary to facilitate the work. 

For two of the holes at Salem and for the first hole at Woodstowu 
a light outfit, consisting of a lO-horsepower engine, winch, and 
tripod composed of 20-foot lengths of l^-inch pipe, was employed. 
Three-inch casing was used, and the drill bit and sand bucket were 
operated with ropes. Water filled the holes within a few feet of the 
surface. The marl had comparatively little binder, so that it could 
be removed only as sludge in the sand bucket. It was therefore 
necessary to follow the drill closely with the casing. For two of the 
holes at Salem a Cyclone drill of standard pattern was used. At 
Woodstown the tripo<l of the light outfit was replaced by a wooden 
derrick built into a portable rig, on which the engine and winch were 
also mounted (see PL VII, A)j and this rig with modifications was 
used throughout the rest of the contract work. 

In some of the holes where conditions were favorable the marl was- 
removed directly with an auger. In some of the holes also a cylin- 
drical tube was attached to the drill bar and driven down to obtain 
a core. This method proved on the whole unsatisfactory. There 
was more or less interchange from rope to rod tools and back again. 
The most rapid progress was made by the use of the drill bit and 
sand bucket attached to light rods and operated by hand by two men. 
On the Norcross & Edmunds property an 8-inch posthole auger with 
overlapping blades, one of which could be raised for removing the 
load, was use<l. This was operated by two men. 

Method of sampling. — In sampling, as in driUing, the varying con- 
ditions at succeeding holes required more or less experimentation at 
each hole, and improvements in method came as experience with the 
material to be sampled grew. The aim was to procure fair average 
samples of all material from the top of the marl to the bottom and to 
have the samples represent imiform intervals, so far as was practi- 
cable. Uniformity of interval was prevented to a considerable degree 
by the conditions of the work. For example, where a 5-foot sample 
was intended a change of material might come within 1 foot and tiins 
necessitate starting a new sample. Again, a change in the type of 
tool, as from auger to drill, or the close of work for the day before the 
desired depth had been reached would make advisable the beginning 
of a new sample. 

At holes 6 and 7 at Woodstown, where a given bed seemed uniform, 
single augerfuls or bailings, taken at uniform intervals or after a 
noted change in the character of the marl, were considered repre- 
sentative samples. This method saved time but was discontinued 
in favor of the continuous-sample method. 
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So much water was present in most of the holes that the auger was 
generally ineffective at depths greater than 10 to 25 feet. The 
cylindrical bit with vertical slit for cleaning was effective in a few 
places, but where the material was incoherent it could not be brought 
to the surface. The more tenacious beds were penetrated only with 
difficulty by the cylinder, and the removal of material from it was 
very slow. The most expeditious method was drilling and sludging 
with the sand bucket, care being taken to case off beds that would be 
likely to modify the sample. Several samples taken by the auger or 
cylinder were taken in duplicate by the sludge method as a check. 

Some experimentation was necessary in handling the material 
collected for samples. At hole 1, at Salem, the sludge was strained 
on cheesecloth spread over a perforated bucket or on screens on the 
ground. There was some loss of the claylike fines, but the lower 
layers of the sludge served as a filter for overlying layers, so that the 
lo6s of fines was thereby reduced. The remaining moist material, 
with a texture of somewhat clayey sand, was kneaded on oilcloth or 
canvas and divided six to eight times to duplicate samples weighing 
about 1^ pounds. 

At hole 3, at Salem, the sludge was collected in barrels and allowed 
to settle over night, the water being then siphoned off. The remain- 
ing material was too wet to divide on canvas. It was therefore 
thoroughly mixed in the barrels and divided by discarding alternate 
bucketfuls until dupHcates weighing about 1^ pounds were obtained. 
This method also involved some loss of fines because of the slow 
settling of the claylike portion and the difficulty of siphoning without 
stirring the light fines. 

At Woodstown two especially constructed boxes, each fitted with a 
set of three screens, were employed. The solid material from the 
collecting barrel was spread on cheesecloth on the screens in the hope 
that it would filter the clayey water of the sample, which was then 
poured into the boxes. The operation was not successful. Either 
no water would pass through, or if it did the colloidal matter passed 
through with it. The collecting and filtering operations, both at 
Salem and at Woodstown, were seriously hampered by freezing. 
Filtering was abandoned, and the plan of dividing the solid and 
hquid portions separately and proportionally was tried, the end prod- 
ucts of each division being combined for the final sample, which 
was then dried in pans over oil stoves, care being taken to avoid 
overheating and oxidation of the glauconite. It was feasible to 
collect some of the samples at Woodstown by means of the auger and 
the core tool. These samples were mixed and divided on canvas and 
dried on oil stoves. 

At Sewell it was also possible to collect some of the samples with- 
out sludging, but that method proved necessary for many of them. 
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The labor of mixing and dividing large quantities of marl was obviated 
by using a trough with an end gate for collecting the sludge, as shown 
in Plate VII, B. The sludge in the trough was mixed thoroughly, 
and a sufficient quantity ladled out to provide duplicate samples, 
one of which was dried as above described and the other preserved in 
a 4-ounce wide-mouthed bottle. If more than one troughful was 
required for a given sample, proportionate amounts were preserved 
from each troughful and were mixed and divided for the final sample. 
This method was used at the other localities whenever sludging was 
necessary, care being taken to keep the sludge as thick as possible 
and to operate the sand bucket so as to take only material from the 
bottom of the hole. 

Disadvantages of wet method. — The main disadvantage of the wet 
method of collecting marl samples is that by loosening the marl some 
of the finer constituents are mingled with water, and the relative 
proportions of coarse and fine materials are thereby slightly altered. 
The coarse constituents of the marl are relatively heavy and settle 
rapidly to the bottom of the trough, so that it is frequently difficult 
to get a uniform mixture. There is danger, too, of intermixture of 
material from farther up the hole, but this may be obviated to a 
considerable degree by suitable casing. 

As shown on pages 125-126, the finer constituents of the marl con- 
tain potash in amoimts varying from place to place and in difiPerent 
beds at the same place. Where the potash content of the fines of a 
given sample is less than that of the sample as a whole a loss of fines 
in collection would mean some enrichment of the sample, or an un- 
due amoimt of fines collected would mean a corresponding impover- 
ishment of the sample. 

Three pairs of samples, one of each pair taken by the auger or 
core tool and the other by the wet method, at hole 8, at Sewell, show 
that the wet samples ran lower in total potash than the others by 
amounts ranging from 0.07 to 0.35 per cent, the average difference, 
weighted according to the thicknesses represented by the samples, 
being 0.285 per cent. As similar methods were followed at succeed- 
ing holes it seems probable that these figures show the order of dis- 
crepancy between the wet and auger or core-tool methods. 

The lithologic character and potash content of the samples from 
Salem and Woodstown are comparable to similar features of samples 
from other holes, so that there appears to have been no imdue en- 
richment or impoverishment of the samples from those localities on 
account of fines. 

The potash was determined throughout this investigation by the 
method outlined by Hicks and Bailey.' 

> Hicks, W. B., and Bailey, R. K., Methods of analysis of greensand: U. S. Geol. Sur\'ey Bull. 660, pp. 
51^58, 1918. 
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DeUrmifUtiion of weigJU, — ^The density and moisture content as 
well as the potash content were determined for several samples of 
gieensand, as shown in the accompanying table. 

htah^ moiMture, and density determiriationsfor selected samples of New Jersey greensand, 

[B. K. BaUey, analyst.] 



FMd 
No. 



1-7 

M-10 
M-43 

K 
R 



Locality. 



Hole 3, Salem, (p. 23) 

Hole 5» Woodfltown (p. 311 

Hole 5, Woodstown m. 3l! 

SewelL West Jeney Marl dt Tran^>ortatlon Co . 

AOanuo Potash Co., about 1} miles east of Marlton 

B. 8. Ryan i>laiit at Beeves station, 2 miles north of Medford . 





HsO 


KsO. 


at about 




100*C. 


Percent. 


Per cent. 


6.14 


a 18.48 


6.48 


23.97 


7.50 


24.45 


7.80 


2a 50 


7.63 


14.20 


6.25 


17.38 



Density. 



2.958 
2,925 
3.063 



•Ssmpto damaged before reaching laboratory and contents transferred to bottlo; hence HsO content 
mj be lower thaai that of actual sample. 

Samples M-7, M-9, and M-10 were collected with the idea of finding 
how much water the greensand would retain when saturated. They 
were collected in an excess of water and forwarded to the laboratory 
in sealed cans. Before analysis they were placed in containers which 
would prevent evaporation but permit tlio excess water to drain 
away. The analyses show that marl taken directly from the pit and 
loaded without drying in wagons or freight cars, as was done by one 
company, may contain from 18.5 to nearly 25 per cent of water. 

Sample M-63 was collected from a fr^ stock pile gathered for 
shipment at a pit about three-quarters of a mile S. 70^ E. from Sewell 
station and had been taken from the pit only a few moments before 
ocdlection. It is a mixture of gray and dark-green marl. 

Sample K was taken from a depth of 20 to 32 inches in the top of a 
stock pile that was probably less than a year old. It consisted of a 
mixture of green and brown marl judged in the field to be of excellent 
quality. 

Sample R came from a freshiy opened bed about 10 feet below the 
surface. It was black mari of apparently good quality. 

Four determinations of the weight per cubic foot of greensand as 
taken from the ground were made in the field by weighing the material 
used to fill evenly a measured box of convenient size. A sample of 
the same material in each lot was preserved for the determination of 
moisture. The average weight of the material as taken from the 
ground according to these measurements was about 93 pounds to 
the cubic foot, or about 2,500 pounds to the cubic yard. The average 
weight of the dried material calculated from the moisture percentages 
in the above table was about 79.5 pounds to the cubic foot. A 
fifth determination of dried residues from several samples obtained at 
hole 6, Woodstown, gave 81.8 pounds to the cubic foot, but some of 
these residues had been exposed to the air for several days after 
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drying. The average weight of the five dried samples was about 80 
pounds to the cubic foot, or 2,160 pounds to the cubic yard. 

The figures given above are probably fairly accurate for the weight 
of the better material as ordinarily handled. Estimates of tonnage, 
however, are concerned with marl in the ground, which is presumably 
much more compact than marl removed to stock piles. According 
to the density determinations given in the table the weight of dry 
greensand, if massive and compact, would range from 182.7 to 191.4 
pounds to the cubic foot and would average about 186 poimds to 
the cubic foot, or more than 5,000 pounds to the cubic yard. The 
marl in the groimd, being imconsolidated, is probably much leas 
compact than the degree required by this figure. Its actual weight 
doubtless lies between the two extremes given and for the purposes 
of estimate may be assumed to be their mean, 133 poimds to the cubic 
foot or about 3,580 poimds to the cubic yard. The voids, or open 
spaces due to lack of consolidation, would represent on this assumption 
28 per cent of the mass of the marl. 

Collection of well data. — ^During the progress of field work several 
well drillers were interviewed and farms on which wells had been sunk 
were visited. The well records at the office of the State geologist 
at Trenton were searched for data bearing on the districts explored. 
Published accounts were also reviewed with the hope of extending 
the inferences based on the drilling. 

Other field data. — ^The field notes of the State geologist and his staff 
were kindly placed at the disposal of the writer and have been utilized 
to supplement the information gained by drilling. 

GEOIiOGIC MAP. 

The geologic map as prepared by Knapp on the scale of 1 inch to 
the mile (1:63,360) has been adjusted to the somewhat laigerbase 
of the U. S. Geological Survey (1:62,500). (See Pis. I-III.) The 
map does not show Quaternary deposits, and as these are widely 
distributed throughout the area, it shows the actual surface conditions 
at comparatively few places. It is valuable, however, in showing the 
general breadth and outline oi the areas in which the marl beds may be 
presumed to be within reach of the surface and may serve as a useful 
basis for tonnage estimates for any selected area. In its preparation 
Ejiapp visited all available exposures and made frequent tests with 
the auger. The map may be regarded as generally accurate. One 
or two slight modifications in it have been made as a result of the 
writer's observations. At a few other places surface examination 
suggested further modifications; but without opportunity for the 
detailed work necessary for revision it was thought best to leave the 
map unchanged. It is therefore presented essentially as drawn by 
Ejiapp but without deUneation of the formations preceding the Nave- 
sink or succeeding the Shark River. 
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All localities discussed are referred so far as practicable to the 
maps (Pis. I-III) , consecutive numbers being employed in order of 
reference. The locations of many of the wells are not accurately 
given in the available descriptions. The positions of such wells 
are indicated on the maps with a query (?). 

RESUIjTS of FTEIiD WORK. 

SALBM DISTRICT. 
8XLBCTI0H AVD LOCATION OF 8ITX8. 

Published accoimts give little information about greensand marl 
near Salem, but the geologic map of the State shows both the com- 
bined Homerstown and Navesink marls and the Vincentown sand 
occupying broad areas near Salem and passing southwestward to 
Delaware River. Salem has railroad facilities and, through Salem 
Creek and its tributary Fen- 
wick Creek, excellent means of 
water transportation. It was 
therefore decided to make Salem 
the starting point in the inves- 
tigation. 

The selected drilling sites lay 
on opposite sides of Walnut 
Street, about three-quarters of 
a mile S. 23® W. from the court- 
house, on the farms of Louis 
Fogg and T. R. Miller. A sup- 
plementary hole was started in 
a field belonging to Lucius 
Hires, about a quarter of a mile 
north of the other sites. 

ROLBS 1 TO 4. yk Yt 



STATtOM 




Figure 2.— Sketch map of paK of the Salem district, 
showing the location of holes 1-4. 



The overburden at hole 1 
proved so thick, 25 feet, that 
commercial development 

seemed unlikely. It was therefore determined merely to check the 
thickness and character of the overburden at the other holes in that 
vicinity and to confirm the character of the marl at one other local- 
ity. Thus at hole 2 only the overburden was penetrated; at hole 3, 
the overburden and 16 feet of marl, enough to show the presence of 
marl in conunercial quantity and quality. At hole 4 the drill stuck 
in gravel at a depth of about 9 feet. Work was discontinued because 
of the thickness of the overburden in holes 1 to 3 and the reported 
thickness of overburden in wells in the vicinity. The positions of 
the four holes are shown in figure 2; their records follow. 
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Top fo4 ftsi dark toil 

ClftT. dark rray. MiidT. vnh ttrnxund 

CM>}«* fcnd iarludmc Mnrb vatcr-^ ^ 
d of rellov pebbty md at depth of 3 f «et 

Gnrd, ootfK sod fine ampilar fiMiim i U tV 
tncb to 2 iarbM in diaiD«t«r, dumy coaru. 
wftb MOM chert. Kor« or lev ah«nia:iQB of 
Hod aad era vd with coo«klcrable jreOovr day, 
pebbloa Mcaminf more roonded. A fev 
weathered c«f:dk« of amphlbole ( ?;. 

fland, deep jHlom to oranfe-Telkiv, with blade 
fperks: cootains fir«ttfr«d tinr pebbtes, em- 
ciaUy KMU- the top. Lowest foot gtaacooinc. 

Clay, flaucooitk*. yeUovi&h crem. Boonewhat 
■aodjr, OQDtaining scatterea pebbles | to i 
inch in diameter and acatttfed chooolato-eol- 
ored day pHJets. 

Olaucooite oedi, darey, ydlowish, with Mane 
ooarve partldee of quarts; nadee into day 
abo%'e. A t base a few fermi^ious and dayey 
DoduJes i to t inch in diameter and contafai- 
inK grains of ^iieooite. 

Olauranite beds with more or leas grayish-TeDow 
clay intermingled. Lowest foot nearlv black; 
some nodules with grains of Kl«ucooite. 

Olauconfte beds, black, with grainsof glauconite 
as large as VW inc^ ^^ diiuneter and a few 
trains of uiiaKi. 

Otturonlte beds containing considerable green- 
ish clay, scatterM tiny (pebbles of ouarts 
alKxit i Inch in fliametcr. and f^laiiconitK' coo- 
cretioDS as large as i inch in diameter. 
Gbtjconite Ixyl like last but toward base con- 
taining shell liod that was not measured but 
is probably only a few inches thick. 
Cllauconite b^ls with greenish day in some- 
what larger proportimis thm above. Some 
fragments of large shells ( Erftnyra or Grwhata ) 
and broken ca.*as composed of consdidated 

freensand together with a few tiny pebbles 
"rice graver'?) are included. 
Sand, glauconltic and clayey; much quarts, 
some grains of which are line enough to float 
by surface tension; day, greenish grav, less 
anundant than In above beds; some shell frag- 
ments; water bearing. 



I 



1 
S f 



4 4 



1 
e 



II 



14 



7 4 



4 3 



3 9 



4 2 



M-1 



37 4 M-3 



41 7 



Dol 



43 7 



46 4 



48 4 



52 6 



M-8 



M-4 



Urh 



•bll 



6.30 



Dol 



6.57 



7.27 



7.26 



Do. 



Do. 



Nave8lnk(r)a 



Koont LaareU 
and Wflofloah. 



« For the use of these names in this and subsequent records see stratlgraphic notes, pp. 135-137. 

LocaHty 2, hole 2. 

(Bftme general locality as hole 1, 310 feet S. 42<» 3' W. from it. Surface elevation, about 2 feet. C. C. Hd- 

ladAy,dziller.) 



Sdland muck, dark colored 

Clay, sray, sand V 

(Iravei with yellow sand and small quarts pebbles, suc- 
ceeded byllghter-ooloredsandand gravel oontaining peb- 
bles; usually not over 1 inch but locally 2 inches in diam- 
eter: suiH'Ossion Mnerauy similar to that at hole 1. 

Gravel, deeper yeuow, less admixture of sand 

Band, yellowlsn to greenish, with increasing amount of 

({laueontte. 
auoonlte t)0ds with some admixture of yallowlah day, not 
panetratad. 



Thick- 
ness. 



Fi.in, 
1 

6 8 
8 9 



8 8 
9 



Depth. 



Ft,in. 
1 
7 3 

16 



24 8 

25 6 



Formation. 



Recent. 
Pleistocene. 
Do. 



Do. 
VInoentown (7). 
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Localltj 3, hole 8. 

[Mflidow belonglzig to T. B. liiller,on Walnut Street, about three-quarters of a mile south of courthouse 
At Salem and 330 feet N. 38^ W. from hole 1. Surface elevation, about 2 feet. C. C. Holladay, driller. 
Analyst, R. E. Bailey.] 



Top soil and black muck 

Clsy, Uuish eray, very smooth and soft, not 
pittv like tnat below soil in hales 1 and 2. 

Cay, Drown, peaty, with pieces of twigs and 
bark. 

Gravel, f^yish, containing small quartz peb- 
bles and a pebble of greenstone 2 inches in 
diameter; becomes yellowish and finer tex- 
tured with grains of glauconlte in the lower 
part. 

Gtauconite beds, containing some yellowish 
clay. 

Glsuconite bed, at first coarse, then finer, with 
considerable clay. 

Gbuconite beds with considerable ereen clay 
and scattered grains of quarts as large as i 
inch in diameter; lumps of green clay contain- 
ing glauconite grains indicate more clayey 
Uyeratbase. 

Gbuoonite bed like those above; not penetrated. 



Thick- 
ness. 



Ft. in. 
2 
7 

7 

5 



5 
5 
5 6 

6 



Depth. 



Ft. in, 
2 
9 

16 

21 



26 
31 
36 6 



37 



Field 

No. of 

sample. 


KtO. 




PercenL 














M-7 
M-8 


6.14 
7.72 







Formation. 



Recent (7). 
Do. 

Do. 

Pleistocene. 



Homerstown. 



Do. 



Do. 



Locality 4, hole 4. 

(Meadow belonging to Lucius Hires, about 1,350 feet N. 10* W. from hole 1. Elevation of surface, about 2 

feet. S. J. Taylor, driller.] 



Brown and black soil and muck 

CJ»y, gray, sandy 

Sua, drab, very clayey, containing a few angular quartz 

pebbles and a gray sandstone pebble 2 inches In diameter. 
Onvel with coarse pebUes, chiefly quartz, some as large as 

2 inches in diameter: not penetrated further. 



Thick- 
ness. 



Ft.in. 

1 6 
4 6 

6 

2 1 



Depth. 



FtJn, 
1 6 
6 
6 6 

8 7 



Formation. 



Recent. 
Pleistocene. 
Do. 

Do. 



The data of holes 1 to 3 are summarized in the following table: 

Thickness and qrialUy ofgreensand beds at holes 1 to 5, Salem, 







Sample. 


Thick- 
ness 
of bed. 


Average 


Hole, 


Bed. 


No. 


Thickness 
repre- 
sented. 


KtO. 


content 

of 
KaO.o 


I 

2 
3 


Overburdwi 




Ft. in. 


Percent. 


Ft. in. 
25 

\ 12 4 

1 » 

2 

35 5 

21 
10 
5 6 

23 10 


Per cent. 


I'DDer bed 


JM-1 

\M-2 

/M-3 

VM-4 

M^ 


5 

7 4 
5 3 
3 9 
2 


6.11 
6.30 
6.67 
7.27 
7.26 


6.22 


Eiddle bed 


6.86 


Lower bed. 


7.26 


^^^'wburden. . . . r - , ^ r - , , 




do 










Unoer bed 


M-7 

M-8 


10 
5 6 


6.14 
7.72 


6.14 


ICiodle bed (not penetrated) 


7.72 




Average: 

Overburden. 






Upper bed 












11 2 
2± 


^6.19 




Mkldlebed 








&7.19 




Lower bed 








«7.26 
















22 2 


<(6.69 



■ Average for bed weighted aooording to thickness represented by the respective samples. 
* Average for bed in 2.5-acre tract weighted according to thicknww at respective holes. 
' Ffgures for hole 1 only. 

' Average for entire thicknens of marl in 2.5-acre tract, aiwiiniing that thioknesses for middle and lower 
bedsat bde 1 apply to entire area. 
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WELL DATA. 

According to Twitchell ^ six wells have been drilled at Salem for 
J. Q. Davis, east of the railroad station, on the margin of the meadow 
adjoining Fenwick Creek, at an elevation of 3 to 5 feet. Three of 
these wells are 130 feet deep and three 100 feet. The water rises 
within 1 or 2 feet of the surface. As is shown by the record below, 
the wells start in the Vincentown sand, which, with a foot of over- 
lying marsh mud, constitutes an overburden of 20 feet. The com- 
bined Homerstown and Navesink marls are 35 feet thick, and the 
water is taken from the imderlying Moimt Laurel and Wenonah 
sands. 

Record of well of J. Q, Davis ^ at locality 5, Salem, 
[Elevation, 3 feet; depth, 130 feet.) 



Marsh mud. roots, etc 

Yellow sand with some greensand 

OUve^reen marl 

Dark'greea marl 

Qnen marl, subtly lighter in odor 

Sand with Bdemn&et and some fragments of shell 

Sand, water bearing 



Thick- 
ness. 



Fed. 



I 

19 
10 

10 

15 

5 

70 



Depth. 



Fed. 



1 

ao 

30 

40 
55 

80 

130 



Fonnation. 



Vincentown. 
Homecstown and NaT- 
estnlr. 
Da 
Da 
Mount Laurel and 
Wenooah. 
Da 



If TwitchelFs interpretation of the record at locality 5 is correct 
the boundary between the Vincentown and Homerstowu should be 
drawn far enough west to include at least this locality. 

A well at Oakdale farm (locality 6), about a quarter of a mile 
southeast and down the dip of the beds from locality 5, shows 40 
feet of marl beneath an overburden of 30 feet of clay, gravel, and 
sand. 

Record of well of Stewart Craven at locality 6, Salem. 

[About 0.4 mile S. 52* E. firom railroad station, on south .tide of street. Elevation, about 10 feet C. C 

Hc^aday, driller and informant.] 



Clay, gravel, sand 

Blue and black marl 

Sand with somemarl mixed in it (marl may have come from 

above). 
Sand with good water 



Thick- 
ness. 



Feet. 



30 
40 
10 
23 



Depth. 



Fed. 



30 

70 

80 

103 



Formation. 



Vin- 



and 



Pleistocene and 

oentown (7). 
Hornerstown 

Navesink. 
Mount Laiuel and We- 

Donah. 
Da 



It seems likely that much of the overburden here is Pleistocene 
rather than Vincentown. The same statement is probably true 
regarding localities 1 to 4, as shown by the detailed records. At 
locality 5 also Pleistocene beds may form a larger share of the over- 
burden than is thought by Twitchell. 



* Twitchell, IC. W., unpublished manuscript 
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The northwestward bereling of the greensand marl by erosion is 
perhaps shown by the following record: 

Record of well o/H. J. Heinz Co. at loealiijf 7, Salem. 

(Fcowkk Creek, about 0^ mile N. 43* W. of nUroad station. Ekration, aboat 3 feet. C. C. HuUada7» 

driller and informant.] 





Thick- 
ness. 


Depth. 


FormatioD. 


Cky 


Feet. 
8 
3 

6 

53 
♦5 


FeeL 

8 
11 

17 
70 
75 


Pleistooene. 


QmDBirl 


H<y)<Twtff''rn and Nav^ 


Bb(4:(HHHiflri>|fl^^yiiiiri, 


esink (7). 
Do. 


YfOwrsand '..'. 


Do. 


GrBTd and gray sand 









If the green and blue marl of the above record are undisturbed a 
diminution of 26 to 31 feet in the thickness of the marl has occurred 
between localities 6 and 7. The overburden also has been reduced 
from 20 or 30 feet to only 8 feet. The thick yellow sand and the 
gravel in the lower part of the hole suggest that the entire mass of 
the material penetrated by the well may be Pleistocene and may 
represent filling in the formerly more deeply eroded valley of Feh- 
wick Creek. Present data are msufficient to determine this point. 

A 40-foot well drilled by Haines Bros, for Howard Harris ' about 1 
mile west of Salem penetrated only fine yellow sands to a point near 
the bottom^ where the color changed to white. These sands are 
probably Pleistocene. This well is cited merely to show the thickness 
of Pleistocene overburden that may be expected along the lower 
course of Salem Creek and in low-lying lands near the Delaware. 

A well at Moores Corner^ about 1.2 miles south of the courthouse 
at Salem, shows the continuance of thick beds of marl along the strike, 
but it shows also the increase in overburden toward the southeast. 
The record follows: 

Record of well of Frank Brown at locality 8, Moores Comer. 

[Opposite fork and about 100 feet east of road. Elevation, about 11 feet; depth, 120 feet. C. C. HoUadaj, 

driller.] 



Oosrse gravel 

Sand 

YdWday 

Oreeosand. 

Bhck sand, water bearing 



Thick- 
ness. 


Depth. 


FeeL 

4 
3-4 
32± 
25-30 

50 


F^t. 
4 

8 
40 
70 

120 



Formation. 



Pleistocene. 
Do. 
Do. 
Homertown and Nav- 

esink. 
Mount Laurel and Wa> 
nonah7 



* Near Jereey Oeol. Survey Ann. Rept. for 1901, p. 105, 1902. 
88625**— 22 3 
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FOTABH lis TH£ 6RBEVSAKD6 OF KSW JSBSKT. 



Southeast of the area iiii4>ped as Vmoentown three additional 
borings throw li^t on the t>ii^lnrMw> and character ot the overfourden 
in that district. 

A well drilled for Dr. Hummel at Sandy Ridge farm Gocality 9), 
about 1 mile N. 42^ W. of the Quinton railroad station, shows, 
according to C. C. HoUaday, driller, 36 feet of overburden and 23 
feet of ''li^t-colored mari." This marl may be Vincentown, but it 
lies within the area mapped by the State Geological Survey as Kirk- 
wood and may represent a marly phase of that formation, which 
farther southMist is known as the Shiloh marl member of the Ejrk- 
wood formation, and was formerly dug as a fertilizer.* 

A well near Hagervillergives the following record: 

Record of well of Jama PeUU at localUff 10, about half a mUe eouiheatt of Ha^erviUe, 
(SoathsUeofroML EhTBtian, id f«ft. CC.Holladaj,dif]krAiKlliiiDniiant.1 



Thick- 



Depttk. 



FonnfttioD. 



Oar. grtTd, uid MDd. 

ShMlmarh effcnrMov ftrongly with mdd 



Ftei. 
17 
10 
M 

16 



FefL 

n 

37 

» 

100 



Pleistooene. 

Kirkwood (?). 

Do. 
Viaocotofim (?). 



It is supposed that the upper bed of marl in this well may repre- 
sent the Shiloh marl member and the lower bed the lime sand 
or Vincentown. Upon this assumption the Homerstown marl at 
locality 10 will lie 110 feet or more beneath the surface. 

The well of Jerry Powell, on the west bank of Hope Cre^ near its 
mouth (locality 11), ''a stone's throw from the Delaware," is said 
by C. C. Holladay, driUer, to be 264 feet deep. The greensand is 40 
feet thick and 200 feet below the surface. Water is obtained from 
a yellow sand beneath the marl. The marl is very compact. 

Two wells about 2^ miles east of Alloway on the road to Daretown 
show the increase in depth of the marl beds in the direction of the dip. 
One well is on the farm of Parvin Lloyd and the other on the farm 
owned by Samuel C: Reeve and occupied by Henry Hile. Both wells 
are at an elevation of about 40 feet. Woolman^ presents the follow- 
ing combined record: 



• Cook, O. H., Geology of New Jeney, pp. 471-473, 1868. 
1 Woolman, Lewis, Artesian wells: New Jersey Oeol. Survey. Ann. Rept. for 1901, p. 102, 1002. 
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ComHrudrecofd of two welk ti mUe$ eoit of AlU)to^ 

[No. l: Ileratian, 40 feet; depth, 210 tMt; driUv, Abraham Durllngton. No. 2: Elevation, 80 feet; depth, 

906 feet; dxfllers, Haines Bros.) 



TAovday 

"Btoemod" 

"Xtri and sand'' 

Onjroek 

Sand, vater-bearing 

Gftf rock (9 inches) 

"Xtflandsand," weUNo.2. 
Do 



Thick- 
ness. 



Feet, 

18 

90 
72 



a 



1 
14 
35 



I>epth. 



Feet, 
18 

106 
180 

18U 

190 

191 

205 

240 



Age or formation. 



Miooeoe in part at 
least. 

Mostly lime sands 
[Vinoentown]. 
Do. 
Da 
Do. 
Middle marL 
[Homerstown and 
Naveaink]. 



The thickness of the lime sand here is noteworthy, as is also the 
thickness of the marl, which lies 191 feet below the surface. 

Record of well of Salem Water Co. at QuxrUon.<^ 
[Depth, 248 feet; Kianer Sc Bennett, drillers.] 



Formation. 



BBrfmaoU 

OrmL 

017 with shells 

GnoB and white sandy, clayey marl . . . . 
AtenattoDS of lime sand and limerock. 
CUy. 



Oransuid marl and diell comminuted by drUl. 
Qv 



Oiay quartusesand with water. 



Thick- 
ness. 


Depth. 


Fed. 


Fed. 


1 


1 


3 


4 


20 


30 


8 


88 


108 


146 


2 


148 


14 


162 


4 


166 


82 


248 



Recent. 
Do. 
Kirkwood.] 
Manasquan.] 
Vinoentown.) 
'Homerstown and 
Naveaink.] 
Do. 
[Mount Laorel and 
Wenonah.] 
Do. 



• New Jersey GeoL Survey Ann. Rept. for 1894, p. 104, 1895. 

In the above record the formation names in brackets are substi- 
tuted by the writer for those used in the report cited. The thickness 
of the lime sand (108 feet) is remarkable. The thickness of the com- 
bined Homerstown and Navesink is rather low. 

OTHSa DATA. 

The exposures of the three important marl beds nearest to Salem 
occur along Mannington Creek and its tributary Swedes Run in 
Mannington Township, from 3 to 5 miles northeast to nearly east of 
Salem. The limestone phase of the Vincentown sand is also exposed 
at the same locality. These formations were dug and utilized as 
fertilizer years ago, and analyses of samples from them are given by 
Cook.« 

* Cook, G. H., G«alQsy of New Jersey, pp. 441-442, 1868. 



A 



28 



POTASH IN THE OBEENSAKDS OF NEW JBBSEY. 



The use of lime in extracting potash from greensand lends interest 
to the occurrences of the lime-sand and limestone phases of the Vin- 
centown sand as possible sources of the lime. The following analyses 
given by Cook show the character of this material : 

Analyus of limestone and lime sand from the Vineentown sand in Manninqton Tovmshipfi 





1 


2 


3 




1 


2 


3 


Phosphoric acid 


a04 

.06 

23.31 

1.81 


0.20 

.23 

8.11 

1.40 




Alumina 


0.91 

3.07 

69.61 

.24 


0.86 

8.56 

84.73 

.45 


} 




SulDhuiic acid 




Oxide of iron 


6.20 


Sflidc add 


43.40 
1.95 


Carbonate oflime 

Water 


44.45 


Mamf^a 












99.05 


99.54 


96.00 



a Cook, G. U., op. dt., pp. 441-442. 

No. 1 is described as a fair sample of the *' Yellow limestone'' in 
Mannington Township. No. 2 is described as lime sand from pits of 
John Fowler, Swedes Bridge, Mannington Township. This is a 
sample of the loose variety, is gray in color, and contains many green- 
sand grains. No. 3 is described as lime sand from William Barber's 
pits, along a branch of Mannington Creek, Mannington Township. 
This lime sand was extensively used as a fertilizer. The stony layers 
were burned for lime, which had a wide use and gave good satisfac- 
tion. 

These pits have long been idle and have probably passed into other 
ownership, but the general locality can readily be identified from the 
map. The average content of carbonate of lime for the three samples 
is 66.3 per cent. The low magnesia content is noteworthy. Meas- 
urements of thickness are not now available, but the former use of the 
lime sand suggests its presence in commercial quantity. Cook* 
writes: "William Barber's yellow limestone quarry is perhaps the 
finest in the State; he has dug 25 feet in it without finding bottom; 
it is made up of alternating tabular masses of limestone and lime 
sand, the stone from 4 to 12 inches thick and the sand from 8 inches 
to 2 feet thick." 

The Shiloh marl, to which reference has already been made, was 
dug on branches of Stow Creek along the county line, about 9 miles 
southeast of Salem. The five analyses given by Cook *® show a maxi- 
mum content of about 15 per cent of carbonic acid (CO,), equivalent 
to 32 per cent of carbonate of lime. These analyses show a maxi- 
mum of 2 per cent of phosphoric acid and of 1.55 per cent of potash 
and soda combined. 

» Cook, O. H., op. dt., p. 273. 
uidem,pp.4n-472. 
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S8TIIIATM or TOnAiOS AVD VALTTB. 

At locality 1 the thickness of the marl sampled was 23.3 feet. At 
locality 3 the thickness sampled was 15.5 feet, but the marl at this 
locality was not penetrated. The average of the thicknesses sampled 
is 19.4 feet, but for purposes of computation it may safely be assumed 
as 20 feet. The average potash content, weighted according to the 
thicknesses represented by the respective samples, is 6.62 per cent. 
The weight per cubic foot of marl, on the assumption of 28 per cent 
of voids, as explained in a previous paragraph, is 133 pounds. On 

this basis 1 acre would contain 43,560x20x133x0.0662^3 ggp 

2,000 
toDs of potash (approximately), and 2.5 acres would contain 9,500 
tons. 

With an 80 per cent recovery and a price of $2.50 per unit (March, 
1920), the available potash in a ton of greensand from the localities 
sampled (6.62 per cent KjO) would be worth $13.24 and that in an 
acre $760,000. It is doubtful, however, if the price of potash can be 
maintained at that figiu*e. At $1.50 per unit under the same condi- 
tions the available potash in a ton of greensand would be worth $7.94, 
and that in an acre $456,000. These values have only theoretical 
mterest, as they depend upon the potash being made available by 
processes whose success has not been demonstrated. 

Although the estimates given are for a single area of 2.5 acres the 
well records cited show that greensand marl occurs generally beneath 
the Salem area. The wells at localities 5, 6, and 8 show thicknesses 
of greensand ranging from 25 to 40 feet. These wells, as also the bor- 
ings at localities 1 and 3, are near the southeastern border of the bev- 
eled greensand belt, where the thickness is greater. Toward the 
northwest the thickness may be presumed to diminish to zero along 
the general northwestern border of the belt. 

UTILIZATION OF THE DEPOSITS. 

The record of the well at locality 7 appears to show that the over- 
burden may not be as thick along Fenwick Creek as elsewhere in the 
Salem district. On the other hand, the marl shown in that record 
may be reworked material of Pleistocene age and if so may have a 
lower percentage of potash than the undisturbed Cretaceous deposits. 
Sjrstematic prospecting along the creek would be necessary to settle 
these imcertainties. 

Elsewhere the overbiu'den in the Salem district appears to be too 
thick to permit any immediate utilization of the greensand in the 
Homerstown and Navesink marls, but the deposit may be regarded 
as a resource of possible future value. 
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POTASH IN THB QREEKSANDS OF KSW JBBSST. 



WOOB8TOWV DISTRICT. 



■BZXCTIO V AMD LOOATIOM OF WITEM, 



Considerable marl reported as of good quality was dug in the 
yicinitj of Woodstown in the early days, and the material is still 
readily accessible, as is also the lime sand, which occurs in several 
stream valleys near the town. Railroad transportation is available, 
and Salem Creek has been reported as navigable below Sharptown. 
It is now utilized as far up as Course's Landing. Woodstown thus 
seems a favorable place for conmiercial development of the marl. 






c 



K 



H 



IMilt 



FiQUBi 8^-Sk6Cch map of part of the Woodstown district, showing the locaticos of hales 6 to 7 and of 

certain wells near Woodstown. 

The site selected is a field bdonging to Isaac K. Lippincott, at the 
north boundary of the borough, east of the road between Woodstown 
and Auburn, as shown in figure 3. 
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BOLBBfTOT. 

Three holes were sunk in an area of 2^ acres; their records follow: 

Reeordi of holes in Woodstown diatriet. 

LMittf 12, hoto 5. 

(Fldd of Uuc K. lippliioott, aboat 1 mile north of Woodstown station, 20 feet east of culvert on road 
to Aabom, on north aide of creek. Elevation of sarfftce about 48 feet. S. J. Taylor, driUer; R. K. 
Bafley, analyst.] 



Sofl, eraytih to brownish, clayey, with some 
tabaand grass roots; scatterea quarts pebbles 
as Urge as 1 inch in diameter. 

(Say, sandy, with pebbles larger and more 
numerous than above; some lumps of green- 
sand. 

Sand, yeDow, with larger proportions of green- 
sand and some pebbles. 

Sand, ydlow, becoming greenish with increasing 

Etortioai of glaaoonite| few if any pebbles; 
es downward into giauoonito beds, 
mite beds with oonaderable greenish-gray 
day and fine quarts particles. Some scat- 
tered pebbles more than 4 inch in diameter. 
and some graveUy material possibly worked 
down by stiddng of pipe. 

Qhooonite beds ooDtaimng some fine sand 

(Uaooonito beds, dark greenish gray» compact, 
dsyey, plastic. 

Giaooonite beds, somewhat coarser; include a 
few grains of quarts and chert about A inch in 
diameter and a few pieces of shell. At 22 feet 
material becomes runny. Two small pebbles 
noted. 

Glauoonite beds with considerable U^t-green 
day, more firm. Lowest 1 foot contains frag- 
ments of shell and some quartz grains. 

Glaoconite beds, with much drab-gray clay, 
little or no quarts. At 32 feet material bo- 
comes soft and tends to run. At 33 feet 8 
inches chocolate-colored day pellets appear 
in giauoonito material, also scattered coarse 
crams of quarts. 

Gtauoonite beds with much gravel, considerable 
drab day and some shell fragments; water- 
bearing. 



Thick- 
ness. 



Ft. in. 
6 



2 9 
1 9 

1 11 



1 1 
11 8 

5 5 



3 2 

10 4 



2 2 



I>epth. 



Ft. in. 
8 



1 8 

4 3 

8 

7 11 



9 
20 8 

28 1 



29 3 



39 7 



Field 

No.of 

aamplei 



} 



M-9 



41 9 



M-10 



M-U 



KtO. 



PeretnL 



8.48 



7.58 



7.14 



Formation. 



Recent. 

Pleistocene. 

Bo. 
Bo. 



Homerstown. 



Do. 



Navesink. 



Mount Laurd and 
Wenonah. 
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LiBJU U.hii(«. 

rFIaUitflnaoE. LIppliKaU, Woaditown,mtMtN. atPE.InmhiiliE. BlsnUcntfaii 
tMt S.I.T«W,a!lDv; II.K.BdBr,uul73t.) 






Held 
No.ol 



KiO. 



Top aoll. dailc, divnj, will] h 

CUy, land;, griylib. 

anvel 78lW,ln — "'- -' 

qiiuti pabUu 
fllinnmUft b^* 



s lai» M 21 toclM! In diunsur, 

nid, irttt iWto«siiiA to 

day, oooliiioliii mM bduI raundDd 

. ■ pcbblM ) fnm In dluastcr. On* 

MMoUt oral* pdiUft DoMd Bt botUim. 

QlwcDDlU bada, dayeiv bomonnMui. with 
nmairtttt luMrpR>p<nlan of black dwiconiu. 

OlBDConllabttfiilDiUuto BbOTB butlndudliw 
U tMM •(•« Indu* ol awlalylacnntum. 

OlnHODlte badi Willi iTMnlitHlnb clv> nnoh 
'"'*—*■('** qii^rti nnd, knd irdow gnlni 
pntetdy of wootaarad ttnu^mu AM 
eatrmt (nlni at dor and yallow-ataliMd 
quuti wd dun M luge a> 1 loeb In OiamMcr, 
■ngnlar uid rounded; nm» Into pjpci, wbMc 
iMUlnii natmna''' 

aiueralU bads, bt 



plBTi-H-a 



ISainple 
eat nili 

I, ireeii, larger proportloa < 
ni aully: uniform ctaaraclai 
tafcanatdflptholzglnt. Oa 



totML^I 



wmplebal 

^tooth^ 

Glaucoall* badi, graen, pwter praaonion clay, 
nut Sua Mturad, spparanily uulfiirm. 
Bainpla M-IA rannseaU material trom deplh 
o[3(rtoSireal 



OUiKonlta badi, lesa clafay , 
iBijer praportioD of ^uri 
■affctCDilitoni'' " '• 



BrpraportiiiD of ^uroiillo, fine U 

'—■'-• u. SampleN-ntateui.-.^- 

HBuuiB ■> uniiui of S4 feet 7 Iwiias but appu- 
•dtljr rapre wM taUva of antin thickness. 

OtamanlMbtilt, brewniih Uaek, somparallTBlT 
Ilttladtr. SanplaU'iStakmlromabaUlDt 
at depth at V taat but omLddarad lapneautB' 
Un of anllra tUsneu. 

(Haummlta bedi, bnnmldi black, EODtaliilnc 
naial, Mod, day, and much tiaueonlta. 
Qiavat F^ A to I Inch In dl»B«l«; BiBM of 
deatqiwrta, aiwDUr; oUunrauDdadaadeoQ- 
poMdaCquartcanddMrt. CboeoUtacdarad 



paaad of quartc am 
cUypeOetsl to llu 
Sana ol ereTeTen 

aiaucoofla beds caataiDinii 
quartx sand but lass clay e 



proirasilvel 
idglaucoolt 



WOODBTOWN DISTEICT. 



83 



14. 



7. 



(Fldd oC Imac K. lippinooU, Woodstown, 830 feet S. 83* E. from hole 5. Elevation of surHace aboat 50 feet. 

6. J. Taylor, diflier; B. K. Bailey, analyst.) 



8dl, broirn, dayey 

CUy, broirn, sun, Nw*^™iy"g gray and sandy 
towsrdbase. 

OriTvl, matrix of omylsh-drab clayey sand, 
quarts pebbles as large as l| inches in diam- 
eter. 

(3s7, very sandv, deqi> yellowish brown, with 
Mme streaks of gray sandy clay. 

Oaj, brown, sandy, with a few pebbles and 
aone grains of glauoonite that give a greenish 

tlDt 

Qrvrd with quarts pebbles as large as 1^ inches 

in diam^er. Matrix sandy dav, compact. 
Sud, elauconitic, with some clay and a few 
flnalTpebbles, greenish brown, becommg more 
iraenish downward with increasing propor- 
Qooofglauconite. At depth of 11 feet washed 
ample contained a large percentage of quarts 
nod and some grains of gravel, which may 
bave descended from above in drilling. 
Ghooonite beds, grayish green, stiff clayey 
material, becoming somewhat mere compact 
It base. Sample m-20, taken from 12 feet 6 
inebes to 13 feet 6 indties, regarded as repre- 
nDtaUveofbed. 

GliocaDite beds, grayish green, soft: tends to 
ran. Sample 11-21 taken from a bailing at 
depth of 18 feet, regarded as representative, 
wconite beds, more greenish color, upper 18 
Inches fiOrly stiff; lower part soft, with tend- 
OKytonm. Less clay and quarts than over- 
tying bed. Numerous shell fragments, nod- 
ales of marcasite with included grains of glau- 
conite. Sample 11-22 represents 1 foot of 
Bttterial taken at depth of 20 to 21 feet but 
rcprded as typical of entire bed. 
Gbaeonite beds of lifter-green color due to 
admixture of green day; glauconite grains 
fine and black, soft, with tendency to run. 
Nodules of marcasite and a few clay pellets 
present. Sample M-23 regarded as represent- 
atire of bed, but indudes only material from 
25 to 26 feet. 
Claucooite beds, grayish black, containing 
pieces of shell anda few quarts pebbles rang- 
ing from \ to Ih inches in diameter. At 27 
feet sample M-24 taken of water circulating 
throiuifa rlaucoulte beds. Sample M-25 taken 
from Dauing at depth of 31 feet regarded as 
!Dtati\'e of entire bod. 
i, dense rock composed largely ot iron 
ite and containing scattered grains of 
^succinite; whitish when first encountered 
nut purplish drab after drying and standing. 
(Uauoonite beds, thin; green dayey layer, then 
penish to blackish-gray material, rather soft, 
m alternating layers. Sample M-26 from a 
bailing at depth of 34 feet regarded as repre- 
sentative of bed below the hardpan. 
GlaiicoDite beds; stiff clayey layer about 3 
inches thick succeeded by water-bearing glau- 
eonite and q uarts sand 6 inches thick . 
Olauconite beds, blackish-gray material, rather 
soft and uniform. 
Olauconite beds with some gravd, water bear- 
ding. 
ulaocGoite beds, somewhat coarser. Sample 

taken tnm bailing at 41 feet. 
ClaoDQnlte beds, containing casts of gastropods, 
pieces of shell, rioe gravel, and consklcirable 
day. Grades downward into more sandy 
material with continuation of rice gravd . 
Sand, mostly quarts but with some glauconite, 
day, and shell flngments. 




Thick- 



er, in. 
1 
1 6 

8 



10 
1 

1 
6 6 



4 8 

1 

5 10 



5 6 



9 

2 9 
6 
2 
6 



Depth. 



Fidd 

No. of 

sample. 



Ft. in. 
1 

2 6 

3 2 



4 

5 

6 
12 6 



17 2 



18 2 



24 



26 



31 

32 

37 

37 9 

40 6 
41 
43 
49 

50 



M-20 



M-21 



M-22 



M-23 



I M-24< 
\ M-25 



M-26 



M-27 



M-28 



KsO. 



Ptr cent 



5.6G 



&62 



ft. 48 



7.37 



.37 1 
.40 / 



65.37 

7 



Formation. 



Koccnt. 
Pleistocene. 

Do. 



Do. 
Do. 

Do. 

Vincentown (?) 



Homastown. 



Do. 



Do. 



Do. 



6.06 



4.74 



6.57 



Do. 



Do. 



Navesink. 



Do. 

Do. 

Do. 

Do. 

Mount Laurd and 
Wenonah. 

Do. 



d 



• Water only. 



b Dried reddue from water sample. 
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FOTABU IN THE GBEBKSAND6 OF KBW JEBSKT. 



The data of holes 5 to 7 are summarized in the following table: 

Thickness and quality o/grtensand bkb at holes 5 to 7^ Woodsiown. 





Bed. 


Sample. 


Thkk- 

neai 

of bad. 


AvcfiKi 


Hole. 


No. 


ThidaMas 

repre* 

seated. 


KfO. 


OQQteot 

or 

KiO.a 


5 






JFL ifk 


J*ff eMiL 


7 11 
12 

8 7 

10 4 

10 

11 10 

18 S 

12 8 
U 8 

8 
11 
10 2 


Per em. 




Orey marl 


M-0 

M-10.... 

M-n.... 


12 

8 7 

10 4 


8.48 
7.58 
7.14 


8.48 




Orwn murl 


7.56 




Chooolftte marl 


7.14 


8 


Orerburden 






Oray marl . , . r - 


fM-12.... 
M-13.... 

M-18.... 
M-16.... 
M-17.... 
M-18.... 
M-10.... 


8 4 

2 2 
1 4 

3 2 
5 

4 7 
6 6 
3 8 
1 6 


5.74 
&78 


*&78 




Oreen marl 






8.08 
7.88 
7.80 
7.75 
7.58 
2.82 


7.87 




Chocolate marl ,_..., , , . , , ^ ^ ^ ^ . . 


8.n 


7 


Overburden 






Oray marl . , . ^ , . , ^ ^ , 


M-20.... 
M-21.... 
M-22.... 
M-25.... 
M-25.... 

ii-26.'!!I 

M-27.... 


4 8 
1 

5 10 
2 

5 8 
8 

5 


3 3 

2 


5.86 
&82 
8.48 
7.37 
7.40 


8.07 




Onwm mArl 


«7.S0 




Chocolate marl ,,.,---, ^ . 




8.86 
4.74 


<8.45 




Average: 

Overburden 






8.57 






Orav iT»ftrl - - 












12 

11 7 
8 


«8.12 




Qreen marl 






«7.58 




Chocolate marl 






«8.60 
















32 4 


/8.80 



a Average for bed weighted aooording to the thicknesses represented by the r espect i ve sampjes. 

b Average for 10 feet 6 inches. 

c Average for 7 feet 6 inches. 

e Average for 7 feet inches. 

« Average for bed in 2.5-acre tract weighted according to thickness at the respective hotot. 

/ Average for entire thickness of marl In the 2.5Hicre tract. 

WELL DATA. 

A number of wells drilled in the vicinity of Woodstown furnish 
supplementary data regarding the thickness of the overburden and 
of the marl. Three of these wells (at localities 15 to 17) were sunk 
during the field investigation by the Survey party. 

Record of well of Joseph Allen at locality 15, near Woodstovm, 

[Well is 1 .1 miles S. 84* W. of railroad station, on north side of road. Elevation, about 50 feet; diameter, 
6 inches; depth, 103 feet. Joseph Allen, inlormant; C. C. HoUaday, driUer.l 



Ova>burden largelv yellowish-gray clav with some gravel; 

white quartz peSbies as mudi as 1 mch in diameter on 

dump. 
Marl 



Sand; bottom of well in white sand . 



Thick- 
ness. 



Feet, 



13 

58 
34 



Depth. 



Feel. 



13 

71 
105 



Formation. 



Plelstooeiie. 



Vincentown (T) to 

Naveslnk. 
Mount Laurel and 

WenoDah. 
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Although the shell bed at the top of the Homerstown is not present 
in this well it occurs in openings on Mr. Allen's property about 3,500 
feet to the southwest. The thickness of the marl seems a little exces- 
fflve, but the bed was reported as all greensand. Probably some of 
the glauconitic phase of the Vincentown is included. 

A well drilled earlier probably not far from locality 15 shows a 
somewhat different record. 

Record o/wdl of Charles E, Aliens about 1 mile west of Woodstorjtm,^^ 
[On road to Sharptown. Eleration, aboat 50 feet; depth, 135 feet. Haines Bros., contractors.) 



Formation. 



SoriMe deposits, clay, gravel, etc. 

Ucht-ooloredsand 

Bftekimid 

lime sand mixed with marl 

OrBmsandmarl 



Sud tnd marl mixed . 
Gtajaand with water. 



Thick- 
ness. 


Depth. 


Fed. 


Fed, 


30 


30 


5 


35 


15 


50 


15 


65 


35 


100 


15 


115 


20 


135 



Pleistocene. 
Kirkwood. 

Do. 
Vincentown. 
Homerstown and 

Navesink. 
Mount Laurel and 
Wenonah. 
Do. 



« New Jersey Oeol. Survey Ann. Kept, for 1901, p. 101, 1902. 

Record of well of /. OHhert Borton at locality 16, near Woodstown, 

[Aboat 0.21 mile beyond the borough limits of Woodstown. on west side of road to Auburn. Elevation, 
about 55 f^; diameter, 4^ inches; depth, 75 feet. Chalkley Haines, driller.] 



Sflfl 

Ow 

YeOow sand and gravel 

Mtrl with greenish clay, blacker near bottom 

Gny sand (airly uniform 



Thick- 

ness. 



Fed, 

1 
11 

3 
30 

30 



Depth. 



Fed, 



1 
12 

4.5 

75 



Formation. 



Recent. 
Pleistocene. 

Do. 
Homerstown and 

Navesink. 
Mount Laurel and 

Wenonah. 



Record of well of William Cole at locality 17, near Woodstown. 

[Alxnt 0.83 mile north of borough limits of Woodstown , on west side of road to Auburn . Elevation . about 

68 feet; depth, 30 feet. Chalkley Haines, driller ] 



Dug weD . . 

Marl 

Gray sand. 



Thick- 
ness. 



Fed. 



20 
10 



Depth. 



Feet. 



20 
30 



Formation. 



Pleistocene (?) and 

Cretaceous. 
Homerstown and 

Navesink. 
Mount Laurel and 

Wenonah. 



The overburden .at locality 17 is probably slight, and most of the 
well is in greensand marl. 

The following notes on the deep wells supplying water to the 
borough of Woodstown, which were Idndly furnished by Dr. Twitchell,^^^ 



^ Twltcliea» M. W., nnpubUBbad mannscript. 



M 



fcteash nr the cxbes^asls of skw jusbi'. 



of th« StAte Sarrey, will be of interest to an j company that proposes 
commercial deTelopment of the greensaiKis: 



The town nipply of Woodfcovn. Sttlem Coimnr. k dnwn in put from mx wells 
Deaf the h4Uik of tke creek at an elevatioa of about 20 leet aad Tvying from 136 to 
1 i'j l^et in depth. The avefa^ flov of each veil fioiii the topof the CMDg. 1 foot above 
the miiUf:^^ IB about CO galloof per minute; temperatme SS^. The wells draw from 
the M<M2nt I^urel-Wenonah sands, which were water-bearinf from GO to 114 feet 
below wa level A sieventh well at this point was prospected to 776 feet. Water- 
bearing sands were found at the top of the Magothy-Rarisan fonnatioQ from 276 to 319 
feet Ijelow 0ea level and abo near the bottom of the series at 756 feet below sea level. 
Between these two horizons an alternating series of sands and white and red cla>'B 
was found, all of which apparently belong to the Raritan and Magothy formations, 
which here have a thicknese of 480 feet, with base not reached. The water at 296 
feet ^276 feet below sea level rose within 14 feet of the surface, and that from 776 
feet ^ VA feet below nee level within IS feet. I n 1915 a new well was driven to a depth 
of ^VtO feet, which drew upon the upper horizon in the Magothy-Raiitan at 310 feet. 
The yield of this deep well on pumping is 300 gaUons per minute, and it has there- 
fore proved an important addition to the town eupi^y. 

Available records of the 340-foot well differ somewhat, but the fol- 
lowing, taken from a letter in the files of the State Ge<Jogical Survey, 
checks fairly well with the samples now preserved at the pumping 
station and kindly shown to the writer by Mr. Oren Conover, city 
engineer. 

Record of xctU of Borough of Wooditotm at locality 18. 
I EtoratiOD , B\toai 20 feet; depth. :mo feeC. HaIimb A HoHnshcad, drillen.) 



MMklow mnd and in^vd 

LimcHtone 

Oreenmarl 

Chonolata marl, hard 

Oray HUid, wat6r boariiig 

Hlack clay marl , 

Whlt4» Mand and gravel 



Thick- 1 rk*«>tK 



Fonnation. 




Qaaternary. 
Mnentown. 
Hornerstown and 

Navesink. 
Do. 
Mount Laorel and We- 

nonah. 
MarahaUtown to Mer- 

cfaantvilie? 
Magothy? 



Tho samples of material below the marl show some variation from 
the description in the above record. Samples taken at depths of 185 
and 210 feet show a fine- textured micaceous gray clayey sand, con- 
taining small pebbles and fragments of shell. These represent the 
Englishtown sand, which was not utilized. The entire thickness of 
groonsand marl is present, for both shell beds appear to have been 
penetrated, as indicated by the samples. 

Throe wells have been drilled for the Ice & Cold Storage Co., one 
block north of the depot, at an elevation of 50 feet (locality 19). 
Tho writer is indebted to Dr. Twitchell for the following description: 

Two of thu wolls have a diameter of 6 inches , the other of 4} inches; the last and 
one of tho ti-in(*h wells aro 160 feet deep and obtain water from the Mount Laurel- 
Wonouivh Huuds 50 to 1 10 feet below sea level — the same horison which supplies the 
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diallower town wells. This water risee within 16 feet of the surface. The other 
well has a depth of 360 feet and draws from a water-bearing sand at the top of the 
Magothy 270 to 310 feet below sea level; the water rises within about 50 feet of the sur- 
fice. The Engliahtown sand was found at a depth of 190 to 210 feet (140 to 160 feet 
below sea level) and was slightly water-bearing. 

It is evident, therefore, that at Woodstown four water horizons have been recog- 
nised, two of which are utilized — ^in the Mount Laurel- Wenonah sand at 50 or 60 feet 
below sea level, in the Englishtown sand at 140 feet below sea level, at the top of the 
Magothy-Raritan beds at 270 to 276 feet below sea level, and in the Raritan beds at 
756 feet below sea level. 

Although the Vincentown occurs here and is covered by a layer of Kirkwood clay, 
it is not reported as water-bearing. 

The following is the detailed section for the deepest well near the depot. Notes 
on the fossils found in this boring were published in the annual report for 1901, page 
93. The statement that BeUmnitella was found at 240 to 250 feet in the Woodbury 
is regarded as of doubtful acciuucy, as this form has never been reported from any 
of the outcrops of the Woodbury. 

Record of well of Woodstoxvn Ice A Cold Storage Co. at locality 19. 
[Elevstion, 50 feet; diameter, 6 inches; depth, 380 feet. Haines Bros., oontractors.] 



GnrdandTeUowclay 

Bhekckv.. .- 

UmeauMl with Foraxninilera 

abeOkyvcontalning GrfpAoM, 7Vre6ratute, and other foasUs. 

Ptngreeoaand marl, very dark 

Ii{hter-greni greensand marl, mixed with light^gray clay; 
ecotains BeltmniUM at about 90 feet. 

Sightly clayey, dull yellowiah-gray sand, about one>third 
grmsand, two-thlrda whitish quarts sand, with Bdem- 
tUtt sud moQuacan loesils. 

Bbck and white dear sand; resembles pepper and salt mix- 
tore; Bdemnitella, Trrfbratulat and other fossils, etc. 
(The last two divisions, from 100 to 160 feet, are largely 
water bearing throughout and supply weQs Noe. 1 and 2.) 

Chfey greenaana with moHuscan loesils 

Dinttndyday; large admixture of white quarts sand with 
a smalte proportion of greensand; contains moUnaks, 
Foraminifera, and other fossils, same as Marshall town. 

GrBeDJshf;ray sand, consisting of white quartz and green- 
sand grains, the former predominatinc. Thisstratum was 
siighUy water bearing but was not ut i Used . These sped- 
OMDs contained moIluskB, Foraminifera, etc. 

IM, very sHgfatly ereenish micaceous day with very little 
greenaimd. OrvphOfa and BeUmnitella at 240 to 250 feet. 

SttO darker, almost black micaceous clay with yellowish 
pebbles between 270 and 290 feet. No fossils observed. 

Decidedly greenish clay; contains at 290 to dOO feet some 
rmJi^iyyi fossUs Similar to fossils at Lenola, but different 
(ran those observed In the overlying beds. Nodules at 
2B0 to 310 feet. 

Medium coarse gray or blulsh-white sand, abundantly 
n supplies well No. 3. 




30 

10 

45 



25 



10 
20 



20 

40 
40 
40 

30 



80 
90 

135 



160 



170 
190 



210 

250 
290 
330 

360 



Formation. 



Pleistocene. 
Kirkwood. 
Vincentown. 
Hornerstown 
Navosink. 

Do. 

Do. 



and 



Mount Laurd and We- 
nonah. 

Do. 



Marshalltown. 
Do. 



Englishtown. 

Woodbury. 

Do. 
Merchantville. 

Magothy and Raritan. 



From the above section the dip of the water-bearing formations from their outcrop 
is as follows: Mount Laurel-Wenonah sand 28 to 30 feet; Englishtown 34 feet; Magothy- 
Riritan 38} feet. 

In this well, as at the borough wells, the entire thickness of the 
greenHBand marl is penetrated, and 10 feet of the lime-sand phase 
of the Vincentown is represented. 
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A well about 1 mile southeast of Auburn, on the rood to Woods- 
town, fumishee the following record: 



Beeord of vxU of Bmjamm Chettman at toealily tO, : 
IEkntkn,laota«(;dapth,KnlMt. Waurite«wltlilDimt«tii(nirhDe. 



tar Avinun. 
Btlnn Bras., diUlsn.] 



Clay and iriTd 

OnoMOMgnd Mnd, "nuldlncwid" 

" Bullhav] " boulder on (iteo city marl. . 
Light o" ' — ■ ■— -- ' — ^^ 



a, dark oitra color 

__ »l pwiMaiMl eeoMimag of irhltlihqoatti 

, ju nAd gloucoaJ to gnbu. 

Reddlsta-retlow rguarticae nnd with afaw graMuand grafm. 

SaodT. mar); rby: a few Kneasand gnlni 

Redifi.qh'y«irDW sand, vuna u aboTfl ,„. 

Otlvitgrecn clay and sanil, vWv and nd-atalMd quarti 






He j^hiuciinilo i 



OnKUyooDgloDunLjpmUiuietitwhlthhqiurtirnliBui 
doitblus mLiinl palna iTlrianJM); tarth aal vwtot* 

WUUaand and numJiig block mi»I 

Dvk cby awri. nUaMau 

Uedlum luid, TMVilichlly oliTnroknd 

Coana sand, blulib whlla, with waUr 

Rad and wMte mottled eky; oolmd waur blood^ad 



Mount I«un1 and 



' New J«ney n«o1. Surrey Aon. Kept, for l»S, pp. 137-m, laST. 

The interpretation of this record is not very clear because of the 
general distribution of quartzoae materia. Some of this material 
from higher beds may have become mixed in drilling with material 
of lower beds. There seems to be, however, 30 feet of greensand 
marl overlain by 15 feet of overburden. This locality is about 2 
miles from Point Airy railroad station and about 1 mile from Old- 
mans Creek, which, according to the map, seems laige enough to 
utilize for transportation. 

Two wells at Sharptown show similar but not identical records. 

lUmrd o/iBfll of William Ridtman at loealitu tl, Sharptoten. 
(About UO fact north of upparbrld^ovetSalsm Creek. Elantlon atwut IOIe«t:deplfa, IMteat. C.C. 





Thick- 


D«plh. 


FotmatlDn. 




10 
10 


121 
130 
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Record of well of Thomas McAUiaier at locality tt, Sharptown. 

liboothaUa mOe N. 28* W. from anMr Mdge over Salem Creek, east of road. Elevation, about 53 feet; 

deptn, 155 feet. C. C. HoUaday, drffler.] 





Thick- 
ness. 


Depth. 


Formation. 




Feet. 
20 
30 
20 
30 
10 
45 


FeeL 

20 

60 

70 

100 

110 

155 


VQuatemarv. 
ji:irkwoodf 


Wand... 


ThMsand X. . . 


iHornerstown and 


OneaDiri 


1 Navesink. 


ifOffl flBSn* • ••••••• 


1 Mount Laurel and 


ODklaaiMl 


1 WenonahT 







The city wells Gocality 18) and those of the Ice & Cold Storage Co. 
(locality 19) lie in the Vincentown belt southeast of the greensand 
marl. The thickness of the greensand penetrated by these wells^ 50 
feet, may therefore be regarded as the maximum thickness for the 
district. The holes bored by the cooperating surveys (localities 12- 
14) lie within the greensand belt, near its margin, and show somewhat 
lower thicknesses, averaging 35 feet. In consideration of the thick- 
nesses at the Sharptown wells localities 21 and 22; 31 and 40 feet, 
respectively), this average seems a little low and may indicate a con- 
siderable erosion of the greensand at localities 12-14. 

OTHSa DATA. 

Marl was formerly dug on the north side of Salem Creek about 
0.15 mile west of the borough limits. This locaUty was considered 
•8 a drilling site for the present work but was given up because of 
the thickness of the overburden above the upper beds of marl. 

Along Nihomus Run about 1.5 miles northwest of Woods town 
flocality 23) the marl was formerly dug and used by many people. 
The following section was then exposed : " 

Section of marl beds on Nihomus Rtin. 

Feet. 

Yellow lime sand and yellow limestone 9 

Shells 4-6 

Green marl 15 

Chocolate marl. 

These pits are not now operated, and they lie too far from the 
railroad to be commercially attractive. 

At Oldmans Creek, about 3.5 miles from Woodstown, below the 
bridge on the road between Point Airy and Harrisonville, the lime 
sand is exposed in an old pit now largely filled with water. This 
locality is cited by Cook ^. as a place where the lime sand was weU 
exposed and commonly dug. 

"Cooky O. H.t Geolagy oi Mew Jetaey, p. 272, 1808; New Jersey Oed. Survey Ann. Rept. for 1886, p. 
ni,l8B7. 
» CoQJk, O. B., OMl«r ol Nsw Jcmj, p. 278, 1868. 
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As shown on the map the lime sand beds on Nihomus Run come 
withm about a quarter of a mile of the raikoad. At that place they 
should be somewhat thicker than at the pits farther down the creek, 
because they are farther back down the dip. They have doubtless 
been somewhat eroded, but the three measurements given at Niho- 
mus Run and in the wells at localities 18 and 19 show that a thick- 
ness of 10 feet or more of lime sand maybe expected at Woodstown. 
No data regarding its quality are available, but inferences may be 
drawn from its former rather extensive use. The deposits on Salem 
Creek are crossed by the railroad and are probably the most accessi- 
ble. At the city wells Gocality 18) the lime sand is covered by 16 
feet of overburden. 

SSTXXATM or TOHVAaX AMD VALUX. 

The average thickness of the greensand marl in the 2.5Tacre tract, 
as indicated on page 34, is about 32 feet. The average potash content, 
weighted according to the thicknesses represented by the respective 
samples, is 6.80 per cent. In computing this average the thicknesses 
employed for holes 6 and 7 were those of which the respective samples 
were considered representative, as indicated in the records of these 
holes. Thus in the 2.5-acre tract a bed of greensand 32 feet thick and 
containing 6.80 per cent of potash (K3O) may be assumed. Here, 
as in the estimates for the Salem district, the weight of a cubic foot 
of greensand, 28 per cent being allowed for voids, is assumed to be 
133 pounds. Under these conditions an acre at the selected site 

^A 4. • 43,560X32X133X0.068 ^ ^aa x / * 1. nr r^^ 

would contam — 2 000 « 6,300 tons of potash (K,0), 

and the 2.5 acres would contain 15,750 tons. On the assumption 
of a recovery of 80 per cent and a price of $2.50 per unit of 20 pounds 
(March, 1920) the potash in a ton of greensand would be worth 
$13.60, and the quantity in an acre of ground at the selected site 
would be worth $1,260,000. It seems imlikely that the price will 
long remain so high. At the more probable figiure of $1.50 per unit 
the potash in a ton would be worth $8.16 and that in an acre would 
be worth $756,000. These values are hypothetical, because the pot- 
ash must be recovered by processes not yet satisfactorily demon- 
strated. 

The wells at localities 15, 18, and 19 show that a maximum thick- 
ness of 50 feet of greensand marl may be expected in the vicinity 
of Woodstown. Northwestward the thickness diminishes to zero 
because of the gentle southeasterly inclination of the beds and the 
beveling effects of erosion. Thus at Woodstown, as at Salem, the 
greensand in considerable thickness underlies broad areas. The 
2.5-acre tract may, in the light of the analyses from other districts, 
be considered as representative for this district. 
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The oTerburden in the sample area averages about 10 feet m thick- 
nesB. Farther east it is undoubtedly thicker. To the west the over- 
burden is irregularly distributed, and its thickness would have to be 
determined for any given locality but should not be excessive within 
tlie area mapped as greensand. 

The analyses show that the higher and lowermost beds have some- 
what less potash than the middle beds but that practically all are 
QsaUe. Water stands in the holes within a few feet of the surface 
and would have to be considered in any plan for mining the green- 
sand. 

The railroad offers at present the most feasible means of transpor- 
tation. The map shows several sites that could be utilized along 
the railroad from Woodstown northward toward Swedesboro. 

Salem Creek below Courses Landing and the canal to the Delaware 
are now used by barges for general freighting. Between Courses 
landing and Sharptown the creek is shallower but might perhaps be 
used by boats or scows of lighter draft. The hills south of the creek 
and west of Sharptown apparently afford good thicknesses of marl 
within reach of water transportation. 

XIJIXIOA HIIaL. 

The steep bluff just east of the railroad station at Mullica Hill 
(locality 24) has long been known for its excellent exposure of the 
basal bed of the Navesink marl and for its numerous fossils. The 
section (see PL VI, J?) is as follows: 

Section of Navesink marl near station at Mullica Hill. 

Feet. 

GreeiiBand marl, loose, dark green 7± 

Shdl bed with more or less coherent matrix of marl and quartz 

sand 3-4 

Ydlowsand 4 

Reddiah-brown sand to road level 15± 

30db 

The two lower beds are overwashed with marl from above and are 
hence dark colored. The veneer of marl may be removed by scraping 
with the foot and the yellow sands (Mount Laurel) exposed. Many 
of the sheUs are as much as 4 or 5 inches in diameter. 

Marl was formerly dug at several places near Mullica Hill and was 
favorably r^arded, perhaps because of its relatively high content of 
phosphoric acid, which, according to two analyses cited by Cook,^* 
na as hi^ as 3.48 and 3.60 per cent. A sample taken by W. C. 
Fhalen on the Henry Edwards place, 2 miles southwest of Mullica 

^Cobk, O. H., Geology of New Jeraqr, p. 437, IdU. 
88025''— 22 4 
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Hilly was analyzed in the laboratory of the United States Geological 
Survey and found to contain 7.15 per cent of potash. The greensand 
at this locaUty is 6 feet or more thick and is overlain by 15 to 20 feet 
of clay and gravel.^* In 1916 some 50 tons of marl was shipped for 
experimental purposes from the pits of Mrs. E. B. Sharp Qocality 25)* 
about 1.15 miles S. 64^ E. of MuUica Hill station. The lime sand also 
occurs in the same vicinity. 

Several localities near Mullica Hill and Jefferson station were 
visited with the idea of selecting a drilling site, but the overburden 
in places sufficiently near the railroad proved to be too thick to per- 
mit hope of commercial development. 

SBWBLZi DX8TBX0T. 

The pits near Sewell have long been known for their excellent 
marl, which was used as a fertilizer. More recently it has been used 
for experiments in extraction of potash. Excellent railroad facilities 
are available, and there are extensive areas of relatively even ground 
in which the overburden does not seem excessive. The actual area 
drilled at Sewell included only 2.5 acres, but data for a number of 
localities within a radius of 3 or 4 miles of Sewell are available and 
may conveniently be discussed in connection with the results of the 
borings of the cooperating surveys. These localities are therefore 
included in the Sewell district. 

KDWASDtt mxnr. 

Relatively recent observations by the State geologist on branches 
of Edwards Run 2 to 3 miles west of Sewell show the exposures 
described below. 

At locality 26 an old marl pit at an elevation of about 70 feet 
shows the upper part of the combined Homerstown and Navesink 
beds. 

Section in road cut at locality 27. 

Pleistocene gravel (Bridgeton). 

Kirkwood, thin layer. Feet. 

Vincentown : 2-3 

Terebratula bed, baee of Vincentown, elevation 75 feet. 
Homerstown marl. 

Section in old pit near ice house at locality 27, north of road. 

Feet. 

Kirltwood formation 4 

Vincentown eand 5-6 

Homerstown marl. 

At a pit near the pond just north of locality 27 and slightly lower 
there is a good exposure of Homerstown marl but no Vincentown. 

ift Ashley, O. H., Notes on the greensand deposits of tlM eMtern United States: U. 8. Qeol. Sorvey BuIL 
660, pp. 39, 47, 1018. 
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Settion along road at looalit^ 98, 

Pleistocene grsvd. Feet. 

Miocene clay, Kirkwood 2 

Vincentown, more or leas marly 5 

Terehratula shell bed, elevation about 70 feet. 

Homerstown marl down to flood plain 15d: 

22 ±- 

These exposures are typical of the partial sections available here 
and there through the marl belt. 

BAHHBBOSO. 

Several well records give an idea of the thickness of the marl and 
its overburden near Bamsboro. 

Record of well of John SkuUs, near Bamthoro,^ 
[ElevBti<m, 120 feet; d^th, 140 feet; vrater rises within about 50 feet of sarface.] 



Whitfah gnklBand 

OiMDmia marl 

Chocolate marl 

SMI rock 

Dtrksand 

WUte gravel with water . 



Thick- 
ness 



Fed, 
55 
36 
15 
2 
10 
23 



Depth. 



Feet. 



Formation. 



55 [Kirkwood?! 

iS? HHornerstownandNav- 
Jg? I esink.! 

117 {[Mount Laurel and 
140 / Wemmah.] 



• New Jersey Oeol. Survey Ann. Rept. for 1896, p. 131, 1897. 

Record of wells of Dilks Bros.y locality 29 ^ near Bamsboro, o- 

(About half a mile south of croesroads in Bamsboro; two wells; elevation, about 100 foet; depths, 110 and 170 

feet. Haines Bros., drillers.] 



Sarface soa 

Orange-oolored sand 

Dirk day; " no greensand nor other microorganisms" 

Li^t-green marl 

Bosty green marl; lower 10 feet with coarser quartzoso sand 

lerams. 
Gray sand with a few clay seams; BelemvUa at 95 and 105 

ffet: abundance of water at 110 feet. 
Muddy sandy clay 



Thick- 
ness. 



Fat. 
5 
31 

65 
20 
25 

70 

15 



Depth. 



Fett. 
5 
39 

640 
60 

85 

155 
170 



Formation. 



[Kirkwood?] 



[\' Incentown (7)to Nav 
esink.] 



• New Jersey Oeol. Survey Ann. Rept. for 1896, p. 130, 1897. 
fc Record evidently erroneous. 



J. L. North kindly furnished records for the wells of Charles Dilks 
and Isaac Dilks, said to be 175 and 135 feet deep respectively. As 
the two records arQ sinular only the first is given. 
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Beeard cf vtU cf Charla DOkB. ^ locality »m, tkne^omrd^ of m wtOe mmtk </ Bmnuboro, 



YcOoirlfakeiiioliScr'sclsT... . 

Miri 

Shsle 

Black and vhite pepper Mnd 




IVIneenUiim cntoNftT. 

MS f esinkC?) 

1« i Meant Lranl mod We- 

17S / noosh. 



This record differs considerably from the previously published 
record of the same well given above. It may be noted, however, 
that the BeUmniieSj a form characteristic of the basal part of the 
Navesinki which occurs at 105 feet in the first record, corresponds 
in position with the base of the shale in the second record, and that 
in both records marl begins at 40 feet. Either the marl is unusually 
thick or it includes a glauconitic portion of the \lncentown sand. 

Record of well of Dr. W. P. Chalfant at locality SO, Banuhoro. 
[ D«pth, 149 feet. J. L. North, driller and lnfarmant.| 



Formation. 



Yellow f^ravel, very hard 

Fine yellow ouicksand 

Marl and shale 

Hard shale 

Greensand; plenty of good water 



Thick- 
ness. 


Depth. 


Fett. 


Feet. 


28 


28 


35 


63 


50 


113 


30 


143 


ft 


149 



FMstooene. 

Kiskwood. 

Hornerstown and 
Navesink. 
\Mount Laurel and 
/ WenaDah(T). 



A well at locality 31, about a quarter of a mile farther west, sunk 
by J. L. North for James Tomlin, gave a similar record. 

Record of well of James Jeuup at locality St^ near Bamahorofl 

(About 1 mile northwest of Bamsboro, on road to Mount Royal station. Elevation, 70 feet; depth, 318| feet; 

water rises within 70 feet of surface. Joseph Pratt, driller.] 



Depth. 



Surface loam 

(Jreenland * 

Black mud and marl alternating in 8 to 10 foot layers; alittle water at 90aud 100 feet. 

Black mud 

Fine white sand 

('oarse white gravel with water 

Stopped on dark quicksand. 

a New Jersey Oed. Survey Ann. Kept, for 1807. p. 396, 1808. 

f> The " greenland " is the lower marl, as shown by the ooounenoe of BelemnUes and Bxogifn on the banks 
of a small creek a few hundred feet to the west. 
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J. L. North furnishes the following record for the well of James 
Jessup. The discrepancy between the two records illustrates a 
difficulty sometimes experienced in trying to procure accurate well 
data. From either record it is evident, however, that greensand 
marl in commercial quantity is probably present. 

Record of well of Jameg Jeuup, near Bamsboro. 
[Elevation, W± feet; depth, 333 feet; aocording to J. L. North, infonnant.) 





Thick- 
ness. 


Depth. 


Soil 


Fed. 

3 

80 

200 

40 

10 


Fed. 
3 


Mvl . 


83 


Blickclav 


283 


Fhv^ blii4^fT sand 


323 


CflaT*ft CTMP'WMT'ay sand 


33S 








HOLES 8 TO 10. 







Three holes, Nos. 8 to 10, were sunk on the property of the West 
Jersey Marl & Transportation Co. east of the railroad track half 
a mile south of the station. Their location is indicated on the map 
of the company's property (fig. 4), drawn about 1890 by J. C. Voorhies, 
secretar3% and kindly loaned by him for use in this report. The 
records of these holes follow. 
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EXPLANATION 

• Borings by J.C.Voorhies 

o' Borings by cooperating 
surveys 

O Boundary stone 
W.J.M &TCo 



U)00 



2,000 



3^000 



^000 FEET 



FiouRK 4.— Map of the property of the West Jersey ICerl A Transportetioii Co. end adjoining property 

near Sewell station. After J. C. VoortaieB. 
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Records o/hola in Sewell district, 

honMiy U, iMie 8. 

[Property of West Jtn&v Marl & TxBOsportatkm Ca, at SeweU, 2,750 feet sootheast of center line of rafl- 
roed station and 40 feet east of center of track. Etoratton of surface, about 70 feet. R. K. Bailey, analyst. 
S. J. Taylor and J. L. North, drfllers.] 



Top soil, drab-gray sandv day, with few pebbles . 
Oay, fine, sandy, my&h btm at top. with a 

few suhangiihtr pebblee as much as 2 mcfaes in 

diameter. Fewer pebbles and deeper-yellow 

color in lower part. 
Ssnd. very fine, very clayey and micaceous, 

vltb considerable ocher; finely bedded; white 

sandy streaks occur in the yellow to deep 

orange colored material; water bearing at base. 
Glaiicoaite bed, grayish to oliye green and 

dayey. 

Bind composed of quartz and i^auconite 

Glouoonite beds, gravish ereen, clayey 

(•lauconlte beds, yellow ouve, very ciayey 

Glauconite beds, olive green, very dayey and 

stiff; contain yellow specks of iron oodde. 

Sample M-31 collected dry in driven cylinder; 

11-32 collected wet in trough as check. 
Glauconite beds, very clayey, yellow dive; 

upper 2 inches contains considerable yellow 

oxide of iron. 
Glaaconite beds. Marklsh to grayish green, 

vith oonilderaole day. 

Glauconite beds Uke last m 

Giauoonite beds, stiff, witn much Ught-green 

dav. Material in this interval became mixed 

with overljring yellowish material by accident 

in driving pipe. This interval therefore ex- 

duded from samples. 
Glauconite beds, upper part li^t green and 

&tiff . At about 30 feet become more mealv in 

texture, with larger proportion of daucoiute, 

and contain a few pieces of shell. Sample 

M-36 taken by core tool; M-36a, same interval, 

material collected wet as check. 
Glauconite bedji, similar to above, not sampled. . 
Glauconite beds, brownish black or chocolate- 

cdored, coarser textured, ono rounded pebUe 

half an inch in diameter noted. 
Glauconite beds, brown, with some mingUng of 

green; transition beds. 
GuMconlte beds, chocolate-colored, with some 

intermingling of green. Sample M-38 taken 

dry with core tool; M-38a taken wet as check. 
Giauoonite beds, brownish to black, similar to 

last, water bearins. 
Glauconite beds, similar to last but contain 

few gravd erains and an increasing proportion 

quartz sand. 

Glauconite beds, black to grayish black; con- 
tain considerable quartz sand and the rice 

gravd but little or no shell. 

G&uconitic sand like last 

Shell bed . gravd, quarts sand, giauoonite, and 

likTf^ pieces of Orwphaea, Eiogyra, Belemmi- 

tella, concretions of vivianlte. 



Thick- 



er. <n. 
1 
1 



8 10 



I 



2 

11 

2 4 

11 

4 S 

5 6 

1 
1 



5 

1 




2 
5 
2 3 

5 3 



4 

3 



Depth. 



Ft, in. 
1 
2 



10 10 



10 11 

11 1 
12 

14 4 



15 3 
19 

25 

25 
27 



82 



38 
83 



84 

36 
41 
43 3 

48 6 



48 10 
40 1 



Fidd 
No. of 
sampla 



M-20 



M-30 

nii-31 
\M-32 

M-83 



M-34 
M-35 



/M-36 
\M-36a 



M-37 

M-37a 

/M-38 
\M-38a 

M-39 
M-40 

M-41 



KsO. 



Per cent 



3.54 



4.54 

5.60 
5.02 

0.70 



7.25 
7.40 



7.n 

7.36 



6.36 

7.62 

6.41 

6.18 

6.88 
5.50 

a 51 



Formation. 



Recent. 
Pleistocene. 



Kirkwood. 



Ilomerstown. 



Do. 



Do. 
Do. 

Do. 



Do. 

Do. 
Do. 



Do. 
Do. 



Navesink. 
Do. 



Do. 

Do. 
Do. 

Do. 
Do. 

Do. 



Do. 
Do. 



^ 
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POTASH IN THE QBEEKSAXmfi OF NEW JEBSSY. 



haeOtj U, iMie t. 

{Property of West Jersey Marl & Transportation Co., S30 feet N. 30* W. from hole 8. Eleratloii of surftee, 

about 70 feet. R. K. Bailey, analyst. J. L. North, dfUkr.l 



Top soil, brownish drab, clayey sand, fine 
tezturo. 

Sand, clayey, with scattered pebbles 2| inches 
in diameter; matrix very fine textured, with 
floiuy feel and yellow oolor. 

Sand, clayey like last, with scattered gravel 
grains. 

Sand, clayey, very fine, micaceous, finely bed- 
ded, leafy texture, oranee colored, with some 
white ooarser sand inflltered in cracks. 

Sand similar to last but ILzht gray 

Glauoonite beds, yellowisn om*e. stiff clayey 
material, with considerable yellow oxide of 
iron. 

Glauoonite beds, deep olive, stiff, clayey, upper 
3 or 4 uiches oxidized like M-42 but remainder 
with uniform texture and color. 

Glauoonite bed like last 

Glauoonite beds, somewhat less clay, more 
mealy texture, some darker streaks and a few 

fisUets of chooolate-oolored clay, 
uconite beds, distinctly darker, more mealy 
texture, more nearly pure glauoonite greins. 

Glauoonite beds, dark green to blackish, mealy 
texture, water bearing in loww pari. 

Glauoonite beds, similar to U-4b 

Glauoonite beds, chocolate marl, brownish 
dreb with greenish tint, transition beds; con- 
siderable clay with scattered fenii0nous 
particles and femiEinous masses, probably 
pieces of replaced shell. 

Glauconite beds similar to M-47 but without 
the greenish tint, brownish black, stiff clayey 
material. 

Glauoomte beds similar to M-48 but containing 
greenish streaks. 

G&uoonite beds similar to M-40 

Glauoonite beds similar to M-49 but containing 
considerable a uartx sand and some small grm^ 

Glauoonite beds liko last but with nieces of 
shell and broken casts composed or glauco- 
nitic material, rice gravel. 



Thick- 
ness. 



Ft. 1m, 

1 



1 10 

2 7 



2 4 
1 8 



4 

5 2 

4 2 
3 3 



5 



5 3 

1 
2 7 



Depth. 



Ft Hi. 
1 

1 ft 



3 4 

5 11 



8 3 

9 11 



14 11 



15 
17 



17 4 

22 

26 8 
29 11 



35 8 



40 11 

41 
43 7 

44 



FMd 

No. of 

MunpteL 



KsO. 



Per cent 



M-A3 



M^I3 



IC-44 



IC-45 
U-A7 



M-48 

M^60 



4.97 



ft. 78 



ft. 81 



7.43 

7.90 
7.13 



ft. 74 
5.90 

3.47 



Fofmation. 



Recent. 
Pleistocene. 

Do. 
Kirkwood. 

Do. 



Do. 



Do. 



Do. 



Do. 
Naveaink. 



Do. 
Do. 



Do. 
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U^hU» 10. 

(Pnnertyof W«t Jmatj Marl A Tnnsportatiao Co., about 375 feet N. 44* B.fhim hole 8. Elevation at 
aurfMeaboutOOfoeL R. K. Bailey, analyit. J. L. North, diffler.] 





Thi<^- 
nesB. 


Depth. 


Fldd 

No. of 

samplei 


KsO. 


Formation. 


Tnp »fl, brown loam 


FLtn. 
8 

2 11 

4 1 

1 

6 4 
5 

4 7 

6 

7 4 

3 3 

9 

1 2 

2 5 
2 7 

5 


FLin. 

8 

3 7 

7 8 

8 8 

15 
20 

24 7 

25 1 

32 5 

35 8 

36 5 

37 7 

40 

42 7 
43 




Per cent 


Recent. 


GfirtL ftt flnt 8oatt«red pebbles in lifl^t-yeUow 
mamz of clayey aana. then dancer-yellow 
coinwr sand with pebbles as large as 2 Inches 
in disineter, water bearing. 

Band, yellow and gray banded, fine textured, 
ckjey and mieaceoiie, beoonung purplish in 
low 6 indies. 

GhoBonite beds, Uaddsh jgrsen, rather still 
with day, no oildiiefl hiWr or oUve- 
ireeD bed as at holee 8 and 9. Three pebbles 
dinrded as having probably foDowed down 

GhaMQite beds, deep Uoish to grayish green, 
te«dsythank-Si: 

textured, similar to U-Sa but lower 6 indies 

Ugbtcr green. 

OhneoDito beds similar to IC-^ 

Ghuoaoite beds, diooolate marl, brownish 

blMk with some streaks of neoi material, 

furiy eoarae texture but with considerable 

*y. 

^^Hnfwiite bfids. diooolate marl 






Pleistocene. 


M-51 

M-52 
M-53 

M-54 
M-55 

M-56 

M-57 



• « • • • • • 

3.K3 

6.60 
7.63 

7.52 
6.85 

6.57 
6.90 


Kirkwood. 
Homerstown. 

Da 
Da 

Da 

Navesink. 

Da 


GlHiooQite beds similar to 11^86 but contain- 
ing a few grains of gvaveL small marcasit^ 

(^MioQDite beds similar to above but oontain- 
iufrigments of shell, day pellets, and som** 
wbtt larger proportioQS of graveL 

At bsseconsist of glanoonite with quarts sand, 
farmrn day, concretions, small Itigments of 
sbfO, and crystals of yivianite. 


Da 
Da 






Da 


qosrtz sand, and glanoonite with gravd 
Olios. 
CwKonite beds similar to above but somewhat 






Da 


softer. Rice gravd and quarts sand in in- 
cretsing proportion. 
Gbuconile beds similar to last but with tnm- 
ments of shell and prapor and salt color. At 
hue Cragments of Buimniuaa appear. 






Da 









/ 



60 POTASH IN THE OBKBKa&KtB OT NBW JXBBKT. 

For comparisoa with other boringB in the vicinity the data of holes 
8 to 10 are summarised in tiut following table: 

"niekneu tmd quality t/grtmmntdbtdt at koUiS to 10, Stw^ 





Btf. 


-^ 






BoliL 


N» 


rluekBM 


EiO. 


JhSd. 


caU«t 




mud. 


K*.. 








#LM. 


i><r<M. 


"A 

:: 

17 4 

J 8 
7 4 


J><ra«. 






M-M.... 


11 
a 


*.M 














if- 


Id 










^ 














t 

l 


O-Sl 

1.41 
T.W 

ts 








IH 






L« 












M-aT.... 


a 


B.B3 

<v.ta 

!:S 

a.8s 

J5 


&n 
















Avtno: 


























15 B 










































S4 7 


/s.ta 


•A 


«ntn Icn bed weighted accotdlng to th» tUiAnt 

etngv for bed In 2.*acrB Iract wdKbted accordb 


ig to thick: 


«nt«dby 


l»nsp«ctl 

Mnstwtl 


v.Mmpl. 
vaholM. 


1. 



I of mul In 3 J^«cn tnct. 
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BOBDrOB OF WB8T JXaOET MABL As TRAH8POBTATIOV Oa 
Record of borings of West Jersey Marl A Transportation Co., near Sewell. 



LoeaUty.* 


Over- 
burden. 


Bank 

marL 


Oreeo 

marl. 


Locality .» 


Over- 
burden. 


Bank 
marl. 


Qreen 

marl. 


1 


Ft. in. 
14 
18 
21 
18 
12 
21 
15 
21 

12 6 
16 
10 
16 
13 
12 


Ft. to. 
12 6 

9 


18 
12 


li. in. 

8 


15 


FL in. 
12 
32 

6 
19 
19 

6 

9 

8 

5 

5 
16 


Ft. in. 

12 


Ft. in. 


2 


16* 




3 


17 




14 

15 

U 

12 

4 

5 

5 

14 




4 


18 




5 


19 




4» 


30 




7 


14 
10 
9 6 
13 6 
11 
12 
11 
12 


1 


21 


7' 


8 


22 




9 


23 




10 


24 




11 


26 




12 


Average 




13 


13 10 


elO 1 


c6 11 


14. 









• Locality numbers refer to figure 4. * Did not reach marl. « Average for 23 localities. 

These holes all stopped at or above the chocolate marl, which, be- 
cause of its astringent qualities, was not considered desirable for 
agricultural use. The analyses of the chocolate marl at holes 8 to 
10 show that it contains less potash than either the bank marl or the 
green marl but probably enough for commercial recovery by any proc- 
ess operative for the other two beds. 

The average thickness of the overburden in the borings made by 
the company is nearly 2 feet greater than that for the 2.5-acre tract 
represented by holes 8 to 10, and that of the bank marl 1 foot 9 inches 
greater, but that for the green marl is nearly 4 feet less. 

SXWSLL MAKL PTF. 

The large pit belonging to the West Jersey Marl & Transportation 
Co. is shown in figure 4 and as locality 36 on Plate I. Much of the 
pit is now overgrown and more or less slumped, but marl has been 
dug at the northwest comer (see PL VIII, .B), where the following 
section is exposed and available for sampling. 

Section of pit of West Jersey Marl dc Transportation Co., near Sewell (locality S6), 

[R. K. Bailey, analyst.] 



Old filling 

Oiayisb^reen (bank) marl 

Onvish-freen mad 

Iwfc-creeaniari 

DufcDlixiali'^reenmari 

Dtrkblnisli-greenmarl 

Diikblaiah<creaimarl 

Dtrkcboeolate-brownniarl 

Ocnralfample run of mine, blue to gray 



Thlck- 
nefl& 



Ft. in. 
5 9 
1 
4 
1 
1 



Depth. 




ft 



6 



Ft. in. 

5 

6 
11 6 
IS 
14 

14 6 

15 
10 



Field 

No. of 

sample. 



M-ei 



M-«0 



M-ft2 
M-63 



± 



KsO. 



Percent 



7.64 
7.89 



7.88 



ft. 73 
7.80 



i 
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POTASH IN THE 0REEKSAKD6 OF NSW JEBSBY. 



The samples were collected as typical of the freshly dug material 
of the respective kinds. The analyses run higher than the aver- 
age of the analyses of samples of similar beds from holes 8 to 10, 
though they are matched by analyses of individual samples from 
those holes. Probably all the marl now dug in this pit corresponds 
with the green marl at holes 8 to 10. ' None of the stiff, clayey oUve- 
green marl found at those holes appears in the sampled part of the 
pit. 

The overburden at older exposures on the east and southeast sides 
of the pit is 12 to 15 feet thick and includes a little Kirkwood sand 
beneath the Pleistocene sand and gravel. Locally a thin bed of sand 
and gravel cemented with oxide of iron (ironstone) occurs beneath 
the Pleistocene. Westward from the pit the overburden increases 
to 10 or 15 feet. 

WELL BATA. 

Several wells in the vicinity of Sewell give further data on the 
thickness of the marl and the amount and character of the over- 
burden. They also indicate water-bearing beds, which might be 
of use to companies interested in developing the marl. The writer 
is indebted to M. W. Twitchell for the following record of the well of 
F. J. Anspach. 

Record of well of F, J, Arupachj near Sewell {locality S7), 
(On Chews Hill, east of the liAntua nxMl. Elevation, 82 feet; depth, 432 feet.] 



Yellow gravel, sand, and sandy day 

Oreenmarl 

Black or very dark-sreen marl 

Reddish-yellow sanorook, with casts of shells 

Yellowish sand, with some marl '. 

Liffht-yellow suid, with some marl* water bearing; water 
stronglv impremated vrith iron. 

Light-yeUow sand 

Tough fine blue days and blue sandy day; some Exonra 
shells at 180 feet, a thin layer of sand at 26i feet, a very 
sandy day with some large pebbles at 270 feet, and a 
sandy day with lindy brolran shells at 280 feet. 

Greenish sand 

Greenish to gray sands; streak of day at 335 feet 

Fine dean gray sand 

Coarsesan^ gravel, angular grains; yielded a little water. 

stfH white day 

Fine gray sima with day streaks and considerable lignite . . 

Layers of white sand and white day 

White angular gravel, coarse; mudi water 

Extra coarse gravd 

Fine white sand; water 

Fine sand, mixed with coarse cravd; water 

Very coarse mvd, up to oobuiBsUmes 

Hard white day 



Thick- 
ness. 



Feet, 
17 
7 
6 
13 
13 
16 

32 

180 



20 

31 

7 



1 

23 

6 

14 

10 

3 

7 

5 

12 



Depth. 



17 
24 
30 
43 
56 
72 

104 
284 



304 
335 
342 
351 
352 
376 
381 
395 
405 
408 
415 
420 
432+ 



Foimation. 



Pleistocene. 

Hornerstown and 
Navesink. 

[Mount Laurd and 
Wenooah. 



ManhaUtown, English 
town. Woodbury, 
MenaantvUle. 



Magothy and Raritan. 



SEWELL DISTRICT. 



53 



The water at 405 to 420 feet is utilized and is reported as pure, sof t, 
and satisfactory in every respect. On pumping 40 gallons a minute 
the water stands at 77 feet below the surface. 

The record shows 39 feet of the combined Homerstown and Nave- 
sink maris beneath an overburden of 17 feet of gravel, sand, and clay. 

Record of well of J. L. North, at Setvell (locality 38), 

[kbaaX 021 mile N. 76* E. of railroad station, in an^e fonned bv two streets. Elevatipn, about 82 feet; 

deptib, 336 feet. J.X. North, informant.] 



QaneTeDoirfaiid 

nubjmaw wKod 

Mirl 

Shste, marly, with acme shells 

Tdoir gravel; very irony water 

ToQgh choooUte-colored day 

miite quarts sand with ooosiderable "hard coal" (glaooo- 
nttef) about the sixe of buckwheat; water rose within 
ISfeetofsorftee. 



Thick- 
ness. 



Feet. 
10 
30 
38 
20 
23 

200 

15 



Depth. 



ITeeL 
10 
40 
78 
08 
121 

321 

336 



Formation. 



} 



Pleistocene. 
Kirkwood (?). 
Homerstown and 

Navesink. 
Mount Laurel and 

Wenonah. 
Marshalltown toMer- 

chantville. 
Magothy (7). 



The overburden at this well is 40 feet thick, and the marl apparently 
58 feet thick. 

A well sunk for George B. Hurff at locality 39, near the North well, 
shows a similar record. 

The well of David T. Locke at locality 40, in the same general 
vicinity, shows a somewhat different record. 

Record of well of David T. Locke, at Seivell (locality 40), 
[J. L. North, driller and informant] 



Granlandday 

8ud 

Btoemarl 

ChocQlate«olored shale 

Grasoaand: plenty of water 



Thick- 
ness. 



Feel. 
25 
10 
25 
11 
14 



Depth. 



Feet. 
25 
35 
60 
71 
85 



Formation. 



Pleistocene (T). 
Kirkwood (t). 

} Homerstown and 
Navesink (T). 
Mount Laurel (T). 



The "greenland clay'' is probably reworked glauconitic material. 
The well may stop in the lower Navesink but probably stops in the 
top of the Mount Laurel. With these interpretations there would 
be 35 feet of overburden and nearly 50 feet of marl. If this location 
is correct the little knoll north of the well should be included in the 
greensand belt instead of with the pre-Navesink formations as 
mapped. 



i 
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POTASH IN THB QBEEKSAXmfi OF NEW JEBSEY. 



A test well sunk near Sewell for the town of Woodbury gives a 
record interpreted by Twitchell as follows: 

Record of weU for town of Woodbury ^ near Sewell {locality 41)- 

r About three-foorths of a mile noitbeast of 8«w«U alone strike of formatiooa. Elevatioo, Ufeet (T); 

depUi,98Sfeet. Artedan WeirnrilUiig Co., driller.] 



Meadow mud. 
Sandy mud . . 



Fine sand.. 
Sticky clay. 



Medium sand. 
Clay 



TUck- 
nees. 



Fed. 
12 
63 

7 

153 

48 



Depth. 



FeH, 

12 
75 

82 

235 



FoRHBtlon. 



Recent. 
Hornerstown and 

Navesink. 
Mount Lamcel and 

WeDooah. 
Marsfaalltown to Mer- 

chantrllle. 
Magotliy and Raritan. 



The town of Woodbury now has in this vicinity a group of eight 
10-inch wells, according to J. L. North, who has kindly indicated 
their positions as shown on the map (PL I). As above interpreted 
the thickness of the overburden is not excessive, but the thickness 
of the marl is unusual. 

The records and locations of the three following wells were fur- 
nished by J. L. North. 

Record of ivell of John Schmidt ^ near Scdina (locality 41 a). 

[Elevation, about 60 feet.] 



Yellow sand 

Gray marl 

Blue marl 

Shale full of sheila 

Black marl 

Hard shale 

Coarse green sand full of shells 



Thick- 
ness. 


Depth. 


Feft. 


Fed. 


14 


14 


10 


24 


40 


64 


30 


94 


7 


101 


2 


103 


14 


117 



Formation. 



} 



Kirk wood (?) and 
Vincentown. 



Hornerstown and 

Naveeink(r). 



Mount Laurel 
Wenonah (7). 



and 



From the location of the well there is little doubt that the gray 
marl and perhaps much of the overlying sand is Vincentown. Pos- 
sibly part of the "blue marP' may be a more glauconitic phase of the 
Vincentown, for the marl here seems unduly thick. The base of the 
Navesink is not distinguished but may be represented by the "hard 
shale." The "coarse green sand'* is probably the water-bearing 
Mount Laurel and Wenonah sands, which are locally more or le99 
glauconitic. 
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RtoardqfweU of Thtmn Bumugh$, neat EwffvUU {locality 41h), 

[ItofBtlon, Aboat W feet.] 



OnnL 

TcOovflneaAnd 

Qnnineil 

aalB 

Qnraiid 

Skk 

Gran eoene rtee gnvel full of Be2emiiJ(« 



Thick- 
ness. 


Depth. 


Fut, 


Fed. 


10 


10 


50 


60 


60 


120 


4 


124 


ft 


130 


2 


132 


' 15 

1 


147 



FomuUioD. 



Pleistocene. 
Kirk wood. 

yinccntow n(7) to 
Navesink. 

Mount Laurel and W^ 
nonah. 



This record corresponds fairly well with the preceding. The Vin- 
ceniown is not distinguished but is probably present. 

Record of well of Felix Behl, at Fairview (locality 41c). 

(ElevaUoQ, about 125 feet.] 



Fonnation. 



Oome^Tel 

Tdknraiid 

Onmnirl. .....•••>•••••••••• . 

Very fine black and white sand 

Grmday 

Hard shale 

Coane white sand 



Thick- 
ness. 


Depth. 


Feet. 


Feet. 


28 


28 


35 


63 


30 


93 


40 


133 


23 


156 


5 


161 


14 


m 



Pleistocene. 
Klrkwood (7). 
Hornerstown and 
Navosink. 

Mount Laurel and 
Wenonah (7). 



The formations are not clearly distinguishable from these records, 
but they indicate the continuity of the marl in considerable thick- 
ness, though the overburden is heavy. 

Two wells at Pitman show the amount and character of the over- 
burden and the thickness of the marl in that district. 

Record of well in camp-meeting grounds at Pitman (locality 4i)j^ 

liboot one-third of a nule southwest of railroad station, on nearly the lowest ground in the area, at west 

edge of grove. Elevation, 110 feet. Haines Bros., drillers.] 



SoriiKe soil, etc 

Oiuge^olored sand and sandy clay 

Dirk day, nearly black 

Bfyonan lime sand 

Giwasand marl with Foraminifera and fragments of shidl, 
prabahly TerdtrahOa. 

Ononand marl, less sheU 

Hqrey greenaand 

Qvjejaand '. 

Chyey marl, BdemnHMtaxd ponderous shells • • • • • 

tdawish sand with some clay, BeUmrUtet and fragments of 

Jbdimn coane dear sand with water 



Thick- 
ness. 


Depth. 


Fut. 


Feet. 


10 


10 


60 


70 


10 


80 


20 


100 


10 


110 


10 


120 


10 


130 


10 


140 


10 


150 


30 


180 


10 


100 



Formation. 



[Quaternary.] 
jlTcrtiary.] 
[Vinoentown.] 



[Hornerstown and 
Navoaink. 



[Mount Laurel and 
Wenonah.] 



• New Jeney eeol. Survey Ann. Rept. for 18M, p. 128, 1W7, 
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A well sunk for the town of Pitman on the east side of the raiboad 
at locality 43, not far from the well just described, was drilled to a 
depth of 507 feet. For the first 190 feet its record was practically 
identical with the other.^* 

A third well drilled in the same general vicinity, for R. H. Comey, 
started at an elevation of 130 feet and penetrated bryozoanlime sand 
between depths of 115 and 125 feet. Greensand was found between 
depths of 125 and 160 feet, and coarse water-bearing gravels from 
160 to 180 feet." 

These wells show that at Pitman lime sand 10 to 20 feet thick and 
greensand 35 to 50 feet thick lie beneath Tertiary and Quaternary 
deposits from 70 to 115 feet or more thick. 



OTKSa DATA. 

The Kern pits, which lie on the east side of Chestnut Branch, 
about 1.5 miles above Sewell (locality 44), were visited in 1917 by 
Dr. Eummel, from whose notes the following data were obtained. 
There is a very large opening, and the floor is overgrown with trees 
6 inches or more in diameter. The bank is very high. Marl prob- 
ably rises about 5 feet above the floor. Where the pit is most 
swampy the marl has 15 to 25 feet of overburden consisting of ajbout 
10 feet of yellow gravel, imderlain by Ejrkwood sand. 

On the map of 1866 is shown a railroad running to these pits and 
marked ^' W. J. R. R." In the annual report of the State geolc^ist 
for 1886, page 178, it is stated that ''southeast of Bamsboro in 
Gloucester Coimty, on the south branch of Mantua Creek, are im- 
portant marl pits, one of which is worked by the West Jersey Marl 
Co. in a layer containing 12 feet of green marl.'' 

Near the lower bridge over Bees Branch flocality 45) a pit owned 
by Howard Davis was in operation in September, 1917, when visited 
by Dr. Kilmmel, who observed the following section: 

Section of marl pit of Hovoard Davis, on Bees Branch near Sewell {loealxty 46), 

[Elevation ofsurtece, about 60 feet.] 



A. Yellow sand and gravel 5-7 

B. Brown marly sand with obscure casts of Terebratula harlani 

stained reddish brown locally 2 

G. Reddish-brown to black marl with dark-green more or \em 

mottled marl, purer at base 2 

D. Green marl; locally streaks with discontinuous irregular lines 
of light chocolate-colored clay, only a minor feature. At 3 
inches from top iron-incrusted seam. Basal 2 feet is blacker 
than upper part 6| 



17i 



u New Jersey Oeol. Suirey Ann. Kept, for 1901, p. 85, 19G8. 
" Idem, p. 84. 
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In digging layers A, B, and C are thrown away. The base of 
layer D is the level of the uneven floor. Marl is dug in layer E, 8 
feet below this level, but at the time when these observations were 
made only layer D was being taken. Near by was a worked out 
pt in layer E full of water. When visited in November, 1918, by 
Dr. Kummel and the writer the Davis pit was inactive and badly 
alumped. 

On the William Wenzell place, just west of Sewell, 10 feet of green- 
sand is overlain by 8 to 10 feet of clay and gravel. A sample of the 
greensand collected by W. C. Phalen was analyzed in the laboratories 
of the United States Geological Survey and found to contain 7.09 per 
c^t of potash.^^ 

UXS SAVD. 

At locality 46, south of the road from Sewell to Bamsboro and west 
of the creek, there is an exposure of 3 to 4 feet of lime sand. At 
locality 47, near Hurffville, some old pits in the Vincentown sand 
were visited in 1915 by Dr. Kummel, who found them slumped and 
OYogrown. In a circular published in 1903 these pits were cited 
as a good locality, and in the annual report of the State geologist 
for 1886, page 178, a section measured at these pits showed 9 feet 
of lime sand and 13 feet of greensand marl. These two localities 
furnish the exposures of the lime sand nearest to Sewell. It prob- 
ably underlies the surface from half a mile to a mile south of the 
West Jersey Marl & Transportation Co.'s pit, but the overburden 
is doubtless thicker than 15 feet. No data regarding the quality 
of this lime sand are available. 

EBTDfATXS OF TOHVAGE AHD VALTTS. 

From the data given on page 50, the average thickness of the marl 

in the 2.5-acre tract near Sewell may be taken as 34 feet and its 

ayerage potash content as 6.50 per cent. On the assumption, as in 

previous estimates, that the weight of the greensand, 28 per cent 

being allowed for voids, is 133 pounds per cubic foot, an acre in the 

.^ , . , ,j . . 43,560X34X133X0.066 ^ .^^ ^ 
specified tract would contam — 21)00 =6,400 tons 

of potash (EiiO), and the 2.5 acres would contain 16,000 tons. With 
an 80 per cent recovery and a price of $2.50 per unit of 20 pounds 
(March, 1920), the potash in a ton of greensand would be worth $13 
and that in an acre of groimd would be worth $1,280,000. At the 
more probable price of $1.50 per unit the same quantities of potash 
would be worth $7.80 and $768,000, respectively. The . values 
given for the potash are purely hypothetical, as they are dependent 

" Aafalqr, G. H., Notes on the greeosand deposits of the eastern United States: U. S. Qeol. Survey 
Bull. OaO, pp. 40« 47« 1918. 

88626*»--22- 
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upon saccessful extraction of the potash by procesBes not yet com- 
mercially demonstrated. 

As previously explained, the marl beds are beveled off by erosion 
along the north boundary of the belt, but along the southeast border 
their thickness is probably as much as 50 feet. The well records 
and other data indicate that greensand marl is present, except where 
locally eroded; throughout the portion of the belt included in the 
SeweU district and that it may be expected to maintain a fairiy 
imiform thickness along the strike. 

UXXLOATIOH or THE DEPOSITS. 

The thickness of the overburden in the 2.5-acre tract averages 
about 9 feet. At the borings made by the West Jersey Marl & 
Transportation Co. the average thickness of the overburden was 
about 14 feet. Thus in the vicinity of Sewell there appear to be 
considerable areas in which the overburden is less than 15 feet. 

There is no water transportation within suitable distance from 
Sewell; but excellent railroad service is available. Possibly Mantua 
Creek could be utilized below West Landing for the marl beds within 
a mile south of Mantua. 

Marl of suitable quaUty is present in sufficient quantity near 
Sewell to justify large-scale operations and can be worked in open 
pits by steam shovels or other types of eitcavators. Water is not so 
near the surface in Sewell as in some of the other locaUties tested 
but would be encountered in handling the green and chocolate- 
colored beds. 

The analyses show that the green marl contains about 1.5 per cent 
more potash than the bank or chocolate marls but that all the beds 
may probably be proiStably worked by any extraction process 
applicable to the green marl. 

BLACKWOOD. 

Tears ago the marl was dug and was well exposed near Black- 
wood. According to Cook;*' 

At Blackwood town the whole bed (''Bfiddle marl ") can be seen by going upstream 
from Good Intent toward the southeast. David C. Marahall's pits * * * are 
good examples of the bed, having on top 6 to 12 feet red or gray mari, 7 feet pale-green 
marl, and from 18 to 20 feet of green marl, and then chocolate marl. 

These pits or pits in their vicinity were visited in 1917 by Dr. 
Kilmmel, who observed the following section: 

Section of marl beds in piU necar Blacktoood (looality 48). 



Yellow sand and gravel 13-14 

BrownLihand clayey sand ; weathered marl(?) 1 

Marl about half quartz and half glauconite 15 

Bottom of banks. 

30 

19 Cook, a. H., Geology of New Jersey, p. 272, 1868. 
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Tlie pits in this vicinity are now largely filled in and swampy. 
In 1918 tJie writer, with Dr. Kummel, visited a locality about a 
quarter of a mile farther up the creek. Here, beneath 15 to 20 feet 
of Pleistocene sand and gravel, about 4 or 5 feet of lime sand overlies 
the greensand marl, about 5 feet above the level of the swamp. The 
shell bed is absent. According to data at the office of the State geolo- 
gist good exposures of black greensand marl, representing 10 feet of 
the Homerstown, occur at locality 49, about 1 mile northwest of 
Good Intent, beside the road. 

The marl is exposed in the fields in the valley between Blackwood 
tnd Blenheim, close to the railroad. This might be a suitable place 
for conmiercial development, but the full thickness of the marl is 
probably not present. That the marl is present in considerable 
thickness at Blackwood is shown by the record of two wells sunk 
tbout 2,000 feet apart for F. Pine and H. Runkel. The localities 
of these wells are not given, but their records are very similar, except 
that the Pine well starts at a somewhat lower elevation and is a 
little deeper.*^ Its record, as furnished by M. W. Twitchell, is as 
foDows: 

Record of well of F, Pine at Blacktvood. 
[El0TBtiaii,fiO feet. F. E. McCbdzi, driller.] 



Thick- 
ness. 



Depth. 



Formation. 



8md 

Bed, hmrj, tumj gravel . 

Gftymarl. 

Bbemarl 

Cboeolete-oolorwl marl — 
Pepper-ud-salt graj sand 



Fed. 



Fed. 



6 

10 

7 

5 

32 

10 



6 
16 
23 
28 
60 
70 



Pldstooene. 

IHornerstown and 
Navesink. 

Mount Laurel and 
Wenonah. 



i 



A well sxmk at Greenloch, about seven-eighths of a mile southeast 
of the Camden County asylum, gives the following record: 

Record of well ofS. R, Bateman (f), near Greenloch (locality 50). 

[ElevaUoEi.45feet. J. L. North, driller.] 



Dvk^rayMiid 

Greaiuh marl; shells with Terebrutulaharlani near top... 

GfMnidi marl. 

Fnper-and-fliltaBiid, about half clauoonite 

U|nt>7ailoiir Mod and snail shell fragments 

CoBCMsand (i to i inch), shell frsgments and BeUmniUUu 



Thick- 
ness. 



Depth. 



Feet. 
22 
28 
30 

1 
23 

4 



Feet. 
22 
50 
80 
81 
104 
106 



Formation. 



Vincentown. (?) 

^Hornerstown and 
Navesink. 

^Mount Lcuirel. 



The Pine well, which does not a£Pord a complete section, shows 
44 feet of marl. The Bateman well, which apparently gives a com* 



•NeiirJOTm3rO«oL8anrejAmi.Bfli»t.ft)rigoi,p. 88,1908. 
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plete section^ though the lower shell bed seems to be not well de- 
veloped, shows 59 feet of marl. 

No recent data are available regarding the quality of the marl at 
Blackwood, but it is probable that other conditions being favorable 
its quaUty would justify commercial development. 

The lime sand occurs along the stream valleys above Blackwood, 
as shown on the map. Dr. Kiimmel notes a good exposure of it at 
locality 51, by the road at the pumping station, about half a mile 
northwest of Greenloch, where it consists of a mass of Bryozoa and 
other fossils and is covered by a reddish clayey residual soil. 

A well at Asyla, half a mile northwest of Greenloch, shows 35 feet of 
greensand, including the Terehratvla bed, beneath 5 feet of surface 
soil that contains occasional fragments of Ume-sand rock.*^ 

SOMBBDALB DISTRICT. 



8XLX0TZ0H OY SZTXa. 



MA9M0UA 

sr/trroft 




I Mile 



In the vicinity of Som- 
erdale, in Camden County, 
the greensand marl occu- 
pies a rather broad belt, 
as shown on the map (PL 
II) , and the overburden is 
apparently not excessive. 
Tlie Atlantic City Railroad 
(Reading system) and the 
Camden & Atlantic Rail- 
road (Pennsylvania sys- 
tem) provide excellent 
transportation facilities. 

A drilling site was se- 
lected on the southeast 
edge of the belt, near Som- 
erdale station, in a com 
field belonging to Thomas 
McMichael, Laurel Springs 
post office. 

HOLES 11 TO 14. 



Fio VRB &.— Sketch map of part of the Somerdale district, show 
ing the location of holes 11 to 14. 



A 2.5-acre tract was 
again selected and holes 
11, 12, and 13 were sunk as indicated in figure 5. A fourth hole. No. 
14, was bored about a quarter of a mile northwest of the station, at 
the culvert on the east side of the track, to explore the so-called red 
marl, which was reported to be beneficial to crops. The records of 
these holes follow: 

n Woolman, Lewis, Report on artesian wells: New Jersey OeoL Survey Ann. JEtept. for 19Q2» pp. 69-06» 
71-73; 10Q8. 
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IhimofThamma Mo 
sUtioo. 



IUoord» qfhoUi in SomerdaU diitnct. 

UodHy n. iMto 11. 

ySOfent north of SooMnlale Avenue end 210 feet west (rfreilroed et Somerdele 
of enrboe, ebout 85 feet. R. K. Bailey, analyst; S. J. Taylor, driller.] 



Formation. 



1^pMiI,flieeulali-7«Ilow clajejaand, beoominf 

■flnyelloviaii and ecwif fnlng scattered peb- 

bhs. 
Cii7,9uidT,creeiiUh to grmyiah drab, withscat^ 

tend pebofes eui lairge as 1 inch in diameter 

iDdpvnsofweatliaredslauoonite. Toward 

tale daeper eolor , larger proportion of glau- 

cQotte, more nmiMrous peobles. 
ttneoDite beds witli very stiff olive«olored clay 

Bitiixand a few pebbMs; red streaks of oxir 

M material. 
Qkooooite bedaaixnilar to above bot withfew if 

urpebbles: red streaks die out at base. 
(Unoooite bedsaixnilar to M-tt but without the 

latbered Iron streaks. At base a pebble 8 
JadMiin diameter. 
(Bnootte beds, oUve-oolored, elayey, less stiff 

iDd vithsomewhat xnealr texture. 

QivBaiite beds similar to ]l-«7 

ttooonite beds, a little less clayey, browniah- 

9iy material mingled with ottvefreen, be- 

nmmore brofmisli at base. 
ObBBontte beds similar to above, diseaided in 




— •'iwite beds, broimaiah drab with some in- 
tmingltng of grayish-green and chooolate- 
toiandstrSalcs.oonsisteDcy leas stiff. A few 
lattcred gravel grains. 

OhooQiiite SedSy lighter greenish drab,jKreeni8h 
toddiooolate-colored streaks, white films sur- 
nnoding some of glauoonite grains. 

Qkoognite beds Bimilar to above but mingled 
vith overhring material in driving pipe and 

tisoeided. 
(ttneooite beds, greenish drab, rice gravel and 

Qoarta sand sufflciezitly abundant to suggest 

ouilbed of formation. 
Glueooite beds becoming more sandy with 

hnday; glauconiteandgravelin diminishing 

proportiaa. 



Thick- 
nesi. 


Depth. 


Field 

No. of 

sample. 


I 
1 
K4O. 


Ft. in. 
1 4 

1 6 


Ft.fn. 

1 4 

2 9 




PncenL 






3 
1 2 


3 
4 2 






M-65 


6.94 


1 10 


6 


M-66 


7.58 


3 3 


9 3 


M-67 


7.52 


4 7 
2 9 


13 10 
16 7 


M-68 

M-00 


7.58 
6.74 


1 
4 5 


17 7 
22 






M-70 


6.67 


5 


27 


M-71 


6.60 


1 6 
3 


28 6 
31 6 






M-72 


5.12 


5 3 


36 9 











Quaternary. 



Da 



Da 

llomerstown. 
Da 

Da 

Da 
Naveflink. 

Da 
Da 

Da 
Da 
Da 



Mount Laurel and 
Wenonah. 
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LMObjr 6a, iMto 12. 

[Fftnn <rf Thomas McMlchMl, at Somerdale, 830 feet N. 2|* W. from hole U. Eleyation of mirflMe. about 8£ 

feet. R. K. BaUey, analyst; 8. J. Taylor, diiller.] 





Thick- 


Depth. 


Field 

No. of 


KsO. 






nesB. 




sample 








FUta, 


Ft. in. 




PereemL 




ToD soil about 8 Inches, then stiff oUre^reen 
fpaucoQitio clay with rootlets worked by plow 
todq>thofaboat 

Olauoonlte beds, oU-vanm, stiff, clayey, 
streaked with red iron-stained cuty. Two 


10 


10 






Ooatetuaur. 






•^^mm^w^^m^^m ^ m 


2 2 


8 


H-74 


&48 


Da 












pebbles noted at depths ot 22 and 28 inches 
but rejected from sample, a few gravel grains 






















included. 












Qlauconite beds. oliTefreen. stiff, clayey, with 


3 8 


6 8 


H-75 


7.S2 


HofiMntowii. 


and one pebble noted. 












Olauoonite beds, vellowish oUve-oolored, some- 
what mealy texture, yellowish sandy streaks. 


3 2 


5 


H-TB 


7.42 


Da 












fine yellow powdery day at base. 

Qlauconite beds, lignt chocolate-brown with 
mingling of green in upper 4 inches. 

Olauoonite beidls, drab to greyish Been, firm, 
hard to drilL much clay but oonsiaereble per- 
centage ot black glauoonite. 

Olauoonite beds. Brownish to greenish dreb. 












2 5 


11 10 


M-77 


0.44 


Naverink 












6 


10 10 


M-78 


0.04 


Da 












5 


21 10 


H-79 


0.S7 


Da 


with irregular streaks of brown and green, 
somewhat mealy terture, much blade glau- 

Olauoonite beds like last but with some grains 












3 


21 10 


M-« 








1 8 


20 1 


0.12 


Da 


Olauconite beds, sandy and hard to drill, a sort 


3 


29 1 


M-81 


8.44 


Da 


of hardpan; considerable quarts mixed with 












the glaucnnite; cementiiu; clay chocolate- 
brown; becomes more sandy downward with 






















abundant grains ot rice grevd near base; no 












shells obewed. 

1 
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LscAttty M, bote 13. 

[Finn of Tbomas McMichael. Somerdale, 830 feet S. 87V* E. flroiii oantor of line between holes 11 and 12. 
Elevation of soruoe, about 89 feet. R. K. Bailey, analyst; S. J. Taylor, driller.] 



Top 8oU brownidi drab, somewhat sandy clay 
with jBUowaandvetreakSfinMlinf downward 
tnto yeOowiAi dtfve-^oloreaeiaaoonitio clay. 

QlMiDoiitte bed8,8tiir, vaUow to dark oHve^x)!- 
ored. BadingintolicDt green, with yellow and 
nddln iroQ-Btatnea streaks, somewhat mJoa- 
ewusan d c on t aining a few smaUpebblas and 
intais of craTel. 

Qaoeonite Dods. Uglit green, relatively free from 
jeUow oxide oiiron, mealy texture, mioaoeoiis, 
OQOfliderable fine quarts (in part debris from 
Qrkwood fonnatlanT). 

9udy clay bed with scattered quarts pebbles 
Iwrnming numerous downward, pebbles as 
larie as 2mche8 in diameter, bed very compact. 

QhoDODite beds, deep oUve^olored, somewhat 
mealy texture, some yellow iron-stained 

Gkucooite beds, deep green or ohve-colored, 
ekyey but with somewhat mealy texture, 
mmurous streaks of yellow iron-stained clay, 
loattered pebbles^ inch in diameter and a few 
Bivel grains. 

GjuKonUe beds, brown, stiff, clayey, with 
ttreaks of green materiallike preoeoing. 

Glsoeonite beds like U-W, of which 8 inches 
VIS inadvertently included; sample repr^ 
Mats total thickness of 4 feet 6 inches. 

Qlsneonite beds similar to preceding but with 
leu of intermingled green materiah 

Gluiconite beds, brown with green streaks, 
ttiff, dayey ; grajish-whiteooatuigs on someof 
the grains. 

GliODQnite beds, brownish drab, clayey, with 
cravelgrainsaslargeasi inch in diameter and 
inins of quarts; bed hard and compact. 

OhoDooite beds, blackiah brown, clayey, with 
ooosiderable quarts and grains of rice ^vel, 
one pebble \ inch in diamrter noted. 

Send, drab, clayey, with rice gravel and some 
gboeonite. 

Ssnd, somewhat clayey, containing gravel 
ffsins, brown clay at base. Hole dry at this 



Thick- 



Ft. in. 
1 1 



3 

1 5 

1 

4 6 
3 4 

2 4 

3 10 

t 6 
3 t 

8 6 

4 

2 8 

3 



Depth. 



FLin. 
1 1 



Field 

No. of 

sample. 



4 1 M-82 



6 6 

6 6 
11 

14 4 

16 8 

20 t 

21 

80 6 

34 

34 4 

37 

40 6 



M-83 



M-84 

M-S5 

M-86 

M-87 

M-88 



KiO. 



PercerU. 



3.74 



3.51 



7.45 
7.66 

6.15 
6.63 

6.55 
6.70 

4.65 



Formation. 



Quaternary. 
Do. 



Do. 

Do. 
Homer stown. 
Do. 

Naveslnk. 
Do. 

Do. 
Do. 

Do. 

Do. 

Do. 

Mount Laurel and 
Wenonah. 



Locality 55, hole 14. 

[hrm of Thomas Mcliichael, Somerdale, at culvert about one-fburth of a mile northwest of Somerdale 
station, east of track and north of creek. R. K. Bailey, analyst; S. J. Taylor, driller.] 



Chy, green, glauconitic, somewhat sandy, with 
sottefed pebbles; irregular red iron-stained 



I>BpQiit locally called "red marl." Clay, red 
with iron oxide, ghuieonitic; contains gravel 
SDd pebbles as laige as 1 inch in diameter; in- 
dndes a 34noii layer of stiff green glaaconitic 

Clqr, <<rsd marV nd wtHi oodde of iron, glao- 
eoDitie; grains of quarts, a few small pebbles 
and gravel grains suggesting rice gravel. 

And, quarts, with some glanoooite and much 
inn oodde. 

tod. white quarts, s n oceeded by reddish sand 
vftb iron ddde, water bearing. 



Thick- 



Ft. in, 
2 10 



1 II 

2 5 
1 2 



Depth. 



Fl in. 
2 10 



3 6 

5 5 

7 10 
9 



Field 

No. of 

sample. 



M-01 



MH» 



KtO. 



Formation. 



Percent. 



4.22 



2.06 



Quaternary. 



Da 



Do. 



Mount Laurel and 
Wenooah. 



64 



POTASH IN THE GtlEENSANDd OP NEW JERSEY. 



For comparison with other localities the data furnished by holes 
11 to 13 are siunmarized below. 

Thickness and quality of greensand beds at holes 11 to IS, Somerdale. 



Hole. 


Bed. 


Sample. 
No. 


Thickness 
repre- 
sented. 


TCsO. 


Thicks 

ness 

orbed. 


Avwiita 
OQotenl 

or 

KsO.« 


11 


• 
Overburden 


FLin. 


PtrenU. 


FLin, 
3 

10 10 

17 8 

10 

8 7 

16 8 
1 1 

! " 

1 7 10 
10 8 

8 1 


FerenL 




Oreen marl 'i 


rM-65..-. 
M-66.... 
M-67.... 
M-68.... 
M-60.... 


I 2 

1 10 

3 3 

4 7 

2 
1 

4 6 
6 

1 6 
3 


6.04 
7.58 
7.53 
7.68 
6.74 


7.49 




rhncoiAt^ marl 






M-70.... 
M-71.... 


6.67 
6.60 


^6.S 




Overburden 




12 


Im-72..!. 


6.12 






Onykn marl ^ 


rM-74.... 
M-76.... 
M-76.... 
M-77.... 
M-78.... 
M-79.... 
M-80.... 


2 2 
8 8 
8 2 
2 6 
6 
5 
4 3 


5.43 
7.32 
7.42 
6w44 
6.64 
6.57 
6.12 


6.8S 




Phocolatf) marl 


6.48 




1 

Overburden. '< 

^reen marl . . . . h 




13 


M-82.... 
M-83.... 
fM-84.... 
M-85.... 
M-86.... 
M-87.... 
M-88.... 

dft— cHI. ... 

M-».... 


is 

4 6 
3 4 

2 4 

3 10 
6 6 
3 6 
3 6 


3.74 
8.51 
7.46 
7.66 
6.16 
6.63 
6.65 
6.70 
4.66 


3.67 
7.54 




Chocolate marl 

Average: 

Overburden 


6.21 




1 i 
(irwi" marl .. . < . 








1 
18 


C7.36 




Chocolate marl 




C6.S3 




! 

i 








27 1 


<6w66 



o Average ror bed weighted according to the thicknesses represented by the respective samplea. 
^ Average ror 15 reet 2 inches but assumed to be approximate for entire bed of 17 feet 8 indies. 
« Average for the bed in 2.5-acre tract weighted according to its thickness at the respective holes, 
d Average of entire thickness of marl in the 2.5-acre tract. 

As shown in the above table, the maximiim thickness of the 
overburden in the 2.5-acre tract is 5 feet 6 inches, and the average 
is 3 feet 5 inch. At hole 13 the overburden consists in part of re- 
worked marl and carries significant amounts of potash, though per- 
haps not enough to be considered commercially. 

The green marl in the same tract has a maximum thickness of 
10 feet 10 inches, averages about 9 feet, and carries 7.54 per cent 
of potash (K3O). The chocolate marl has a maximum thickness of 
19 feet 8 inches, averages 18 feet, and contains 6.21 per cent of 
potash. The entire marl bed averages 27 feet in thickness and 
carries 6.66 per cent of potash. 

At hole 14 the so-called red marl consists of reworked glauconitic 
material, oxidized, and mingled with gravel but containing a maxi- 
mum of 4.22 per cent of potash for the samples analyzed. The 
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material appears to be a local deposit of Quaternary age which 
contains too little potash to be of commercial interest. 

WELL DATA. 

A number of wells simk within a radius of 2 or 3 miles of Somerdale 
throw additional light on the thickness and character of the ovei^ 
burden and the thickness of the marl in the Somerdale district. At 
Magnolia a well drilled near the station'* showed 4 feet of over- 
burden consisting of yellow clay and sand succeeded by 32 feet of 
*'blue'' marl underlain by water-bearing sands and other strata to 
tiie depth of 91 feet. A well drilled for Walter Hunt '' about three- 
quarters of a mile northwest of Earkwood station (locahty 66?)^ 
^ows 50 feet of greensand marl beneath 44 feet of yellow quick- 
sand; and a second well^'^ described as 1 mile south-southeast of the 
well just cited, shows 30 feet of ''black mud'' (greensand?) and 
12 feet of green marl beneath 50 feet of yellow quicksand. 

The well at the Stratford House, nearly midway between Kirk- 
wood station and Stratford station and on nearly the highest ground, 
furnishes the following record: *• 

Record of well at Stratford Houses near Kirhwood {locality 57), 
[Elevation, 100 feet. Water rises within 51 feet of surface.] 



Dag well 

Fine yellow sand 

Coarse vellow sand 

ToUowuh loamy gravel 

TeUowish clayey sand 

Green marly day. very hard 

Blade marly sand 

Green marfy day. verv hard 

Bhek marly sand wltn water 

Green dayey marl, very sticky. . . 

Umerock (?), very hard 

itown marly day, soft and sticky 
Ble^ sand and sravd with wator. 

Hird stony conglomerate 

Ugbt-green marly day 

fimd in layers, softer and harder.. 



Thick- 
ness. 



Feet. 



33 
8 
2 
3 
2 
7 
3 

13 
5 
4 
2 
4 
3 
2 
2 



Depth. 



Feet. 



33 
41 
43 
46 
48 
55 
58 
71 
7ft 
80 
82 
8ft 
89 
91 
93 

100 



Formation. 



{Tertiary?! 



[Hornerstown and 
Navesink.] 



[Mount Laurd and 
Wenonah.] 



If the above record is properly interpreted there is 45 feet of marl 
beneath 48 feet of overburden. 

At Laurel Springs a well drilled southwest of the railroad, near the 
millpond, for Joseph Eldridge '• shows the following record: 



" New Jvsey QeoL Survey Ann. Rept. for 1894, p. 197, 1895. 

"IdemJdr 1901, p. 8ft, 1902. 

"Idem, p. 87. 

•Idem Jdr 1897, pp. 255-256, 1898. 

■ Idem for 1901, p. 88, 1902. 



i 
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Record of well of Jo$epk Eldridge, near Laurel Springe (looaH^ SSf). 

(Elevation, 00 feet. F. E. MoCazm, driller.) 

Fonnatioii. 



Loamy yellow gmvel: luitable for road making 

Chrome or otange-yellow quicksand 

Oreen marl, blue marl, cbooolate marl 

Dar k-oolored hard land. 

Sbellbed 

Harditone 

White sand, water bearing. 



Thick- 
ness. 


Depth. 


Ftd. 


Ftd, 


18 


18 


» 


40 


40 


80 


15 


05 


7 


102 


1 


108 



Qnatsoiarv. 
Ktrkwood(n 
Hornerstown and 
Navednk. 

Ifbimt l4MirBl and 
Wenonah. 



The position of the base of the Navesink is not clear from the 
above section, but there seems to be at least 40 feet of marl beneath 
40 feet of overburden at this locality. 



OT 



DATA. 



Prom an old marl pit southwest of Laurel Springs, where the green- 
sand was 10 to 12 feet thick and was overlain by 20 feet of over- 
burden, W. C. Phalen collected a sample which was analyzed in the 
laboratory of the United States Geological Survey and found to 
contain 6.40 per cent of potash.^ 

A large marl pit at locality 59, on the west side of the railroad 
track, about 0.6 mile N. 20° W. of Ejrkwood station, was visited by 
Dr. Kibnmel, who observed the following section at the north end 
of the pit near the railroad: 

Section at marl pit about 0.6 mile N. ;?0° W, of Kirhwood elation (locality 59). 

[Elevation, about 58 feet.] 



A. Qreenish marly sandy clay, very tou|^ 

B. Coarse greenish marly sand and fine gravel 

C. ICarl exposed about 3 feet above floor of pit 




There are no data about the former depth of the pit. 

In 1018 a pit was opened in groimd purchased by the Coplay 
Cement Co., of Coplay, Pa., at locality 60, about 0.3 mile due south 
of Osage station. A few carloads of greensand dug in this pit were 
shipped from Ashland. The pit was largely filled with water in 

» Ashley, O. H., Notes on the greensand deposits of the eastern United States: U. 8. OeoL Survey BoU. 
OflO, pp. 40, 47, 1918. 
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March, 1919. About 1.5 feet of greensand, corresponding with the 
green marl of holes 11 to 13, was exposed beneath an overburden of 
about 4 feet of sand, includmg a 6-inch gravel bed just above the 
mail. A sample representing 1 foot of fresh material, analyzed in 
the laboratories of the Geological Survey, showed a total potash 
content of 7.17 per cent. 

LXKBBAVD. 

As shown on the map, the lime-sand phase of the Vincentown forma- 
tion is exposed in branches of Timber Creek, near Laurel Springs. 
Beds of indurated lime sand full of Bryozoa may be seen at locality 61, 
in the bed of the brook, below the bridge 1^ miles west of Clementon. 
Some material taken for experimental purposes from this locality is 
reported to have contained as much as 80 per cent of carbonate of 
lime. Above Laurel Springs the lime sand occurs in close proximity 
to the railroad. 

XSTDfATSS OF TOHVAQS AHD VALUX. 

* 

As stated on page 64, the average thickness of the marl bed in the 

2.5-acre tract at Somerdale is 27 feet, and its average potash content 

18 6.66 per cent. On the assumption, as in previous estimates, of 28 

per cent of voids and a weight of 133 pounds per cubic foot, the total 

potash in an acre of the 2.5-acre tract would amoimt approximately 

, 43,560X27X133X0.0666 . «^ . t *i. o c * ^ ^u 

to — 2^000 =6,200 tons. Li the 2.5-acre tract the 

total potash would be about 13,000 tons. 

With an 80 per cent recovery and a price of $2.50 per imit of 20 
pounds (March, 1920) the potash in a ton of greensand would be 
worth $13.32 and m an acre of the specified tract it would be worth 
$1,040,000. At the more probable price of $1.50 per imit the same 
quantities of potash would be worth $7.99 and $624,000 respectively. 
As in the previous estimates the values given for the potash are hypo- 
thetical, being dependent on the extraction of the potash by processes 
whose success has not yet been commercially demonstrated. 

TrrSLZZATION OF THE DEPOSriS. 

The 2.5-acre tract at Somerdale station is part of a larger area of 
suitable size and of sufficient potash content to justify commercial 
exploitation. No water transportation is available, but the district is 
served by two railroads and lies only 9 or 10 miles from Delaware 
River at Camden. 

At holes 11 to 13 the water level was not reached at a depth of 40 
feet 6 inches, and the marl was dryer than at any of the other holes 
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bored. Absence of water would doubtless be an advantage in hand- 
ling and shipping. 

Northwestward from these holes the thickness of the marl may be 
expected to diminish to zero along the general northwest boundary 
of the belt indicated on the map (PL II). Along the southeast 
boundary, as shown by the well records cited, a thickness of 40 to 45 
feet may be expected, but the overburden also is probably thicker. 

WINSLOW. 

A well at ^VinsloW; near Hammonton, in Camden County, shows 
the increase in depth of the marl beds in the direction of the dip. 
In a distance of about 13 miles the top ( ?) of the Homerstown mail 
has descended 'about 300 feet. This well was sunk about 1853 and 
is thought by Twitchell to be the first deep well in New Jersey. 
Its record has been repeated in somewhat varying form in reports 
of the New Jersey Siu^ey from 1868 (Cook) to 1890. Its record, 
as worked out by Enapp,** follows: 

Record of uWZ at Winslow. 



Depth. 



SurlMe earth duff away 

Bhie and black day 

Glass sand described as quicksand 

Miocene clay described as hard black clay. 
Miocene sand described as quicksand . 



Brown day described as haid black clay. 
Oreensand s 



marl shells, etc. 
Pure greeoaand, no fossils; "Water rose from the bottom of the greensand' 




a Cook, O. H., Geology of New Jersey, p. 291, 1868. 

HABLTON DISTBIGT. 

SSLEOTIOH OF ABEA. 

In the vicinity of Marlton the area occupied by the combined 
Homerstown and Navesink marls expands to a broad belt about 
2 miles wide. The greensand may be recognized in the roads and 
the plowed fields at many places. A number of marl pits were 
opened in the early days, and the marl was much used. More recently 
the Atlantic Potash Co. has opened pits, described below, along the 
railroad, about 1.1 miles east of Marlton, for commercial exploitation 
of the marl and the extraction of the potash. About 1 mile south- 
east of Marlton the Vincentown sand emerges from Tertiary cover, 
though it is still concealed to a greater or less degree by Quaternary 
deposits. 



n Knapp, Q.^., data on file at the ofBoe of the State geologist, Trenton. 
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The field of Alphonso Fusco, at Elmwood Road station^ about 1.8 
miles east of Marlton, was selected for exploration because, so far as 
eould be told from the map and the general appearance of the coim- 
trjr, it lies near the contact of Vincentown sand and Homerstown 
marl, so that a full thickness of greensand marl might be expected. 
The overburden, too, was thought to be relatively thin. 




o 

c 



I Mile 



FioumK ft.— Sketch map of part of the Marlton district, showing the location of holes 15 and 16. 

H0LB8 U AHD 16. 

A 2.5-acre tract was laid out east of the road and north of the 
railroad, and two holes were sunk 330 feet apart, as indicated in 
figure 6. A third hole was planned, but the contract for drilling 
expired before it could be started. The records of holes 16 and 16 
follow. 
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Rtcordi qfkoUa in Marlton dUtrid, 

UodHy C2. iMto II. 

[FHm of AlphoDSo Fnsoo, Ebmrood R<Ad, Wfnt N. 83* E. from oentor of nUrosd cfosstnc hut 
ststlon. Elevation ofnufBoe, about 65 feet. R. K. Bailey, analyst; S. J. Taylor, d^der.] 



Soil, rather aandy, with some clay 

Sand, clayey, somewhat glauoomtic, yellowish 
drab, beooming greenish yellow. 

Sand, dayey , glaooonitie. with some mloa and a 
few pebUes (one angular granitic fragment f 
inch in diameter noted), yellowish green, 
water bearing, hard at base. 

Sand Him last but with more gravel and pebbles: 
one pebble 2inche8 in diameter; material hard 
and compact. 

Olauconite beds, black, with considerible 
quarts, contain some lumps oi yellow sandy 
oiay and scattered pebbles; one snbangular 
quartdte pebble 1} inches in diameter, mate- 
rial runs like quicksand. 

Olauconite beds, with fine quartxsand and dark 
greenish-drab clay; runs; some layers appar- 
ently more firm and form lumps with greasy 
feel; some layers dry, but sand as whole u 
waterbearing. 

Oktuoonite be<!n, coarse grains, smaller propor- 
tion of clay, shell fragments, one or two casts 
poorly preserved, occasional nodules of hard 
gray and brown clay with tnduded grains of 
dauconite, concretions of marcasito. 

Ofaraoonite beds similar to last but with more 
greenish tint, water bearing; material appears 

. to be compact but when loosened is a runny 
glauconitic sand with fine grains and conmar- 
atively Uttle cUty . Poorly preserved coralline 
fossils and concretions. 

Olauconite beds, greenish black, similar to M- 
100 but glauoGnite grains slightly coarser and 
there is somewhat more green clay; runs easily. 

Olauconite beds Uke above, but shells are scat^ 
tared through the material. 

Olauconite beds Uke M-100-101; material repr»> 
sents banl part of dark-green marl,runseasily. 

Olauconite twds, dioodate-ooloced marl, clao- 
conite mingled with much brown day and tJny 
flakes of mica. 

Olauconite beds, brownish black; clayey beds 
ftiirlyflrm. 

Qlaooonite beds similar to last but with scat- 
tered shells. 

Otouoonite beds similar to M-lOi. Shells scat- 
tered through brownish-blaok glauconitic clay. 

OkoooDitebedB Mmllarto M-lOS; material dries 
to agray odor. 

Qtauooottebedssimikttto above; contain a few 
grains like rice gravd and some shell fragments. 

Ouuoonite beds, brownish black; glannonite and 
clay continue abundant but gravd grains and 
shell fragments become more numerous, one 
f ragmentof Bekmnitella noted at 07 feet. At 
base gravd and shdl fragments become abun- 
dant. BeUmnUdla fra^ients numerous. 



Thick- 



Fr.«». 

6 

3 6 

8 



2 
S 



3 



1 10 

3 6 
1 11 

4 10 

3 6 
1 6 

4 U 
4 10 

4 4 

5 4 



Depth. 



FMd 
No. of 



FLin. 
6 
8 

11 6 



13 



17 



23 



28 2 



88 3 



35 

38 

40 5 

45 8 

48 9 

50 3 

55 3 
60 

64 4 

69 8 



KsO. 



Formation. 



PncenL 



M-06 



M-4K» 



4.82 



6.68 



Quaternary. 
Do. 

Do. 



Do. 



M-lOO 7.83 



M-101 

M-103 
M-1Q8 

M-104 

M-105 
M-106 
M-107 
M-106 



7.61 

7.55 
6.80 

6.38 

6.45 
6.38 
6.60 
5.12 



Do. 



Vinoentown. 



Homerstown. 



Do. 



Do. 

Do. 
Naveslnk. 

Do. 

Do. 
Do. 
Do. 
Do. 



^ 
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Iioaat7 M. hole IS. 

[htm of Atphoiiso Foaoo, Elmwood Road, 330 feet 8. 82* E. from hde 15. Elevstloa of surtlBoe, ikbout 

fil fiset. R. K. Bafley, analyst; 8. J, Taylor, driller.) 



SoiL brown clayey sand with some btuDus 

Sua, clayey, yellow to yellowiah-green 

Cby, gUoooiQitic and saiidy, green with yellow 
stieaks of iron-stained day. Lower 8 Indies 
sudy, waterbearing^ considerable quarts 
ind one pebble noteoat base. 

Hi?, sandy, glaooonitlc, yellowish green 

8Hid, dayey. daric grayisn creen; sand L^ prin- 
cfpaDy quarts but indudes ccmsiderable 
gMconite, almost a quicksand. At 11 feet 
Bsterial more firm, hard to drill. Propor- 
tion of gjauoonite tncreasee with depth and 
qoarts becomes coarser, gravel grains 
scattered through but disappear near base. 
Caay becomes greenish toward base. 

Cb?, daooonitic and sandy, greenish gray to 
mek. Probably basal portion of Vinoentown 
temation. 

GhoDonite beds, brownish gray to grayish- 
blaek, shell bed with casts of TerebmtxUa and 
other forms, nodules of marcasite, scattered 
nnmkd grains of mrek as large as i inch in 
disnieter, bed hardi and compacc. 

Ghooonite beds, soft and runny with oam> 
ptrativdy little day, but slightly micaceous, 
gnen streaks minded with the brown give 
Boeral dark grayisn odor. 

GiHieGnite beds, brown and green dayey ma- 
terial, compact, fossil corals more or less re- 
Blaoed by pauconitie day. 

Qftooonite beds, stiff clay layer In upper 3 feet, 
kmer part soft and runny, distmct dark 
inen^ odor; a few grains of gravd, one 
p^)ble i indi m diameter, and a few shell 
ngments noted; about 1 foot above base clay 
becomes a lighter green. 

Olaiioonite beds similar to last, brown, clayey. 

Glaoeonite beds, greenish, quartzose, eraveliy, 
vater bearing, casts of mells, amaJl flakes 
of mica. 

Glaooonite beds, brownish, dayey 

daacGDite beds, brown, dayey. probably 
OGRespond with dtocolate marl en Sewell; 
carry considerable giaucooite; one frag- 
ment of shark tooth noted at about 40 feet. 

Giaooonlte beds similar to last 

QlaiKonlte beds, brown, dasrey. Indude small 
ibeQ fragments and a few grains of gravd. 

Qaoeanita beds, shell fragments increase in 
mmiber. rice gravd and fragments of Belem- 
•kfUa. less diay, abundant glauconite, con- 
ddenoie quartz, water bearing. * 



Thick- 


nese 


1. 


FLin. 

I 
1 
4 


1 
8 


8 

4 


8 




8 




2 




3 


8 


5 


4 


3 


7 


10 


11 

1 


10 
8 


5 
4 


3 


2 



Depth. 



Ft. hi, 
1 
2 




7 8 
IS 



19 
22 

21 

27 8 
33 



Fidd 

No. of 

sample. 



30 
36 7 



37 6 
47 7 



5S 
61 4 

64 6 



M-109 



M-110 



M-111 



M-112 
M-113 



M-114 
M-115 



M-116 
M-117 

M-118 



K|0. 



PereenL 



3.10 



5.68 



6.58 



Formation. 



Quaternary. 
Do. 
Do. 



Do. 
Vincentown (?). 



Do. 



6.86 
7.11 



7.13 



6.81 



6.36 
6.58 

5.62 



Honwistown. 



Naveaink. 
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The data furnished by holes 15 and 16 are summarized below; 

Thictness and quality of greensand bedg at hoki 15 and 16j Elmwood Road, 





Bed. 


Sample 
No. 


Thv<lmie<v( 


KtO. 


Thick. 

nflSB 

of bed. 


Average 


Hole, 


repre- 
sented. 


ccmtent 

of 
KflO.« 


16 


Oynr iMirnAn. i. ...... 




Ft. in. 


Percent. 


FUn. 
17 

11 2 

12 3 

29 3 

16 

8 

13 6 

27 

16 6 


PereenL 




Plic^ marl 


/M-gs.... 

M-99.... 

M-100... 
M-101... 
M-1Q2... 
Bf-1Q3... 
M-104... 
M-106... 
M-106... 
Bf-107... 
M-108... 


5 

6 2 
5 

6 4 
1 11 
4 10 
5 

4 11 
4 10 
4 4 
6 4 


4.82 
6.68 
7.33 
7.61 
7.66 
6.30 
6.38 
6.46 
6.28 
6.60 
6.12 


5.85 




Oreenmarl 


7.49 




Chocolate mftrl . . 


6.16 


16 


OTwrbufdan 






Black mtirl 


/M-110... 
M-111... 
M-112... 
Bf-113... 
Bf-114... 
Bf-115... 
Bf-116... 
M-117... 
Bf-118... 


3 
5 

3 8 

6 4 

4 6 
10 1 
10 6 

3 4 
3 3 


6.68 
6.68 
6.86 
7.11 
7.13 
6.84 
6.36 
6.68 
6.62 


•6.24 




npo^n mftrl 


»7.05 




Chocolate marl . 


6.48 




AT«nge: 

Overburden 






i 

Black marl . . 










7 
12 11 
28 2 


e6.01 




Oreen marl 






e7.26 




Chocolate marl ... .... . 






e6.82 














60 8 


'6.60 

1 



\. 



a AYerace for bed irel^ted aooordine to the thicknesses represented by the respective samples. 
^ Includes 11 inches of chocolate marl. 

e Average for the bed in the 2.5-acre tract weighted according to its thickness at the respective boles. 
' Average of entire thickness of marl in the 2.^a<7e tract. 

As shown in the above table, the maximum thickness of the over- 
burden in the 2.5-acre tract, as inferred from the two holes, is 17 
feet and the average is 16.5 feet. The land rises slightly toward the 
north side of the tract, so that 17 or 17.5 feet would perhaps be a 
fairer average for the overburden. 

The presence of the Ter^ftra^t^Za-bearing bed at hole 16 fixes 
definitely the position of the top of the Homerstown at 19 feet at 
that place; the corresponding bed, not so well marked, occurs at 
22 feet at hole 15, where the surface elevation is 4 feet higher (65 feet). 

Above the top of the Homerstown is a bed 5 feet thick at hole 15 
and 3 feet thick at hole 16, consisting largely of fine quartz sand and 
glauconite with more or less clay. This bed is presumably the basal 
part of the Vincentown sand but may represent reworked material 
of Pleistocene age. It contains sufficient glauconite to warrant its 
inclusion with the imderlying marl beds, and it is here classed with 
the black marl. 

The black marl has a maximum of 1 1 feet 2 inches, averages 9 feet 
7 inches, and contains 6.01 per cent of potash (KjO). The green 
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marl has a maximum thickness of 13 feet 6 incnes, averages 12 feet 
11 inches, and contains 7.26 per cent of potash. The chocolate 
marl has a maximum thickness of 29 feet 3 inches, averages 28 feet 
2 inches, and contains 6.32 per cent of potash. The entire bed 
averages 50 feet 8 inches or, for purposes of computation, say 50 
feet in thickness and contains 6.50 per cent of potash. 

WBLLDATA. 

Numerous wells sunk within a radius of 2 or 3 miles of Marlton 
serve to check the thickness and continuitv of the marl and show thd 
g^eral thickness of the overburden in the district. At locality 64, 
which is on relatively high groimd midway between Marlton and 
Ashland and southeast of the marl belt as mapped, there is 50 feet 
of greensand beneath 81 feet of overburden, as shown in the following 
record :*• 



Record of well qfS. C Oardiner, abotU i,6 miles southwest of Marlton, on road to Ashland 

{locality 64). 

p^]evatian,147 feet. W. C. Barr, driller.) 



DuveD 

Yw Dir qujkskauid 

Qnfel and oottTsesazMl mixed 

Gnennutfl 

Ghnolftteinail 

find with water • 



Thick- 
ness. 



Fed, 



40 
36 

ft 

20 
30 

6 



Depth. 



Fea. 

40 

75 

81 

101 

131 

137 



Formation. 



[Qi]atenisr]rr] 

UHomerstown and 
/ Navesink.] 
[Mount Laurel and 
Wenonah.] 



Three wells at Marlton show considerable thicknesses of marl, but 
they also show a rather thick overburden. 

Record of well of H, B. Dunphey^ at Marlton {locality €S)fl 
[Elevation, 105 feet. W. C. Barr, driller.] 



Tbp foil, ydlow loam and gravel 

BlKkmtfi 

Gimmail 

Cteedate marL with white shell, probably OrppKaea. 

Gray sand with irony water 

Bhekaand 



IhB white atnd with good water . 



Thick- 
ness. 



Fe€t. 
18 
14 
9 
29 
13 
40 
72 




Depth. 



Fed. 

18 

32 

41 

70 

82 

122 

194 

200 



Formation. 



Pleistocene. 

»[Hor u er 8town and 
Navesink.] 

\ [Mount Laurel and 
J Wenonah.] 

{MarshaOtown.] 
Enfi^ishtown.] 



• Nevlenej OeoL Storvey Ann. Rept. lor 1805, p. 09, 1890. 

If the black marl beneath the gravel is considered part of the 
Homerstown there is a thickness of 52 feet of marl beneath an over- 



^KmrJentj OeoL Survey Ann. Rept. for 1896, p. 143, 1897, 
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borddn of IS feet, l^e records of the well at locality 66 and of 
hole 16 suggest that this black marl may perhaps more properly be 
assigned to the Eirkwood or the Vincentown. 

Rteord q^ well at ■waienDorta. Uarlion (locoUy S6)fl 
[About 0.«iidle>autholraUiwdMaUaii. ElemtlMi, lU le«t(t). A. O. Dunpliar, ddllar.] 





Thkk. 


D.pth. 


Facmatloii. 




Fia. 

ao 
u 

s 

'? 

(11) 


r</t. 

100 

lOT 
KM 

t 


}[Qu.t«MryTJ 














































[Httlbdltoini?] 








YelknrtBh.wmte Msd with ntlAcUrr water. 




■ Newfowr 0«d' Bams Aim. Kept. Igr UtT, pp. 3(»-30 


a.im. 







Here thero is 47 feet of marl beneath 49 feet of overburden. 
The writer is indebted to M. W. Twitchell for the following record 
and interpretation of the neighboring well of T. R. WiUs: 
Rteord o/ a-ell of T. R. WilU. near Marlton {locality 67). 
[FlT»<l(hlh9a[aiiuJa>iiutliaf Usrlton. Elovtllon, unfnl. A. G. Dunphe;, drlllgr.) 





Thick- 


Depth. 






Ful. 

1 

! 

! 

20 

,1 

02 

I 

B 


i 

K 
M 
W 

s 

» 

is 

UK 
IW 
















asisssifs^s^'^""^''^ 


















«o^^«ir«l«rtW«. 




FliHr ■ud, dmlUi In' color, biit oonlaliiliig Ducmroua pa]« 












lUsd to ttw cnxodile, uvl also the mdliuou) gsura C^ 
JAMS, Orf^Mi, Bod Pirtn. 
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At this locality the top of the Homerstown is not present, but 
there is 46 feet of greensand beneath 36 feet of overburden, consisting 
of Eirkwood sand. 

A well sunk for Joseph Evans, about 1 .5 miles southeast of Marl ton, 
(umishes the following record: 

Record of well cf Josejih Evans, 1.5 milu southeast of Marlton (locality 68)fl 

[ElevaUon, 129 feet] 



ami. ...•■•■••••>•••••■••••••• « 

Bkekkunoriiiari 

SUrI 

QiBt 

QTHDlIMrl 

sbQQ •••••••••*••••••••••••••••« 

Ooit of oyster and other shells. 
WUte and wltb water 



Thick- 



Fetl. 

20 

50 

14 



27 

27 

2 





Depth. 



Feet. 

20 

70 

84 

03 

120 

147 

140 

155 



Formation. 



} 



[Kirkwood 7] 

[Vlnoentowii 7] 

[Hornerstown and 
' Navesink ?] 

[Moont Lauret-Weno- 
nah.] 



• New Jersey QeoL Stnrey Ann. Kept, for 1801, pip. 214-215, 1895. 

If the writer's interpretation of the above record is correct there 
is 54 feet of greensand marl beneath 93 feet of overburden. The 
''crust '' at a depth of 84 feet is thought to be the more massive lime- 
sand phase of the Viuccntown, but it may represent the shell bed at 
the top of the Homerstown. The shell bed at a depth of 147 feet is 
probably the base of the Navesink. 

Record of weU of J. W. Barr, about 2 miles east of Marlton (locality 69) fl 

[Elevation, 70 fioet.] 



Sflfl and green clay ♦ ♦ 

C^acaesi^dandgnNrel 

blKk and green mart 

Choeolate marl 

6bdl crust with BeUmnUdks. 
8uid, water bearing 



Thick- 
ness. 



Feet. 
10 
10 
14 
30 
4 



Depth. 



Fed. 



10 
20 
34 
64 
68 



Formation. 



iQnateinary4 

[Hornerstown and 
Navesink.] 

[Blount Laorel and 
Wenomahj. 



• New Jersey Geol. Survey Ann. Rept. for 1804, p. 200, 1805. 

The upper shell bed is not present at this locality, but beneath 20 
feet of clay, sand, and gravel there is 48 feet of greensand marl, 
including tiie lower shell bed. 

The records of a number of other wells in the vicinity of Marlton, 
so far as they relate to the marl and its overburden, are simimarized 
in the following table. 



/ 
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ThAeknen of otefinarden and of fiuBd td mver^ MmrUon, 



ity. 



B«fwenoe (New 

Jcney 0«ol. Simwy 

Ann. BopC). 



i)vw- 




bur- 


Ifari. 


**^ 




EteL 


IM. 


40 


58r 


7 


51 


96 


M 


fiO 


87 


aor 


40 


aoi: 


50 


81 


85? 


85 


42 


fiO 


45 


20+ 


58? 


58 


87 


ao 


50 


37 


49 



Drflkr. 



70 
70a?| 



71 

72? 

73 



74 



1884, p. 215 

1890, p. 80 

1881, p. 208 

1884, p. 213 

1884, p. 210 

(•) 

1884, p. 211 

1887, pp. 280-201... 

1884, p. 213 

1884, p. 214 

1884, p. 216 

(•) 



Jacob L. Evens 

do. 

Samuel Lippincott. 
William f. Evans. 
Josiah Ballenger.... 
W.B.Cooper. 



Benjamin Cooper. 
T. C. UammiU. 



B. 8. Uppincott . . 
LevlT. Balfenger. 

A. W. LoTland 

Samuel R. Cooper. 



A. Q. Dnnphty. 
W. C. Barr. 

Da 
Stotthoff Bros. 

J. W. Barr. 
A. O. Donpliey. 
W. C. Barr. 

Do. 

Da 



• PWBonal communication. 

Definite locations for a number of these wells are not available, 
but they all lie within 3 miles of Marlton and mostly to the east or 
southeast. They are near the southeast boundary of the marl belt 
and show an average thickness of about 49 feet of marl beneath about 
37 feet of overburden, which, at several of the weDs, consists in part 
of Vincentown and Kirkwood sands. 

OTHSaDATA. 

Some of the marl exposed in plowed fields and along roads near 
Marlton is reworked material of Pleistocene age that might readily 
be mistaken for marl in place. For example, at locality 75, between 
Marlton and Evesboro, Dr. Kiimmel noted in 1915 a good exposure 
of reworked marl 2 feet thick resting on a bed of yellow iron-stained 
gravel also about 2 feet thick. In the old marl pits in that vicinity 
the only exposures at present show reworked marly clay with pockets 
of gravel. The real marl occurs below the floor of the pits at an 
elevation of about 90 feet and beneath the gravel. • 

The pits of George T. Middle ton, at locality 76, about 1.1 miles N. 
78° E. from Marlton station, are entered from the Evesboro-Medford 
road. According to information furnished to Dr. Kdmmel in 1917 
these pits have not been dug recently, but the marl lies near the 
surface with only 2 or 3 feet of overburden and no shell bed. The 
marl was formerly dug to a depth of 12 feet, where water interfered 
with digging, but the marl was said to be much thicker and to contain 
more than 7 per cent of potash. 

ATZJurrxc potash oo.'8 pit. 

The pit of the Atlantic Potash Co. lies about 1.1 miles due east of 
Marlton, at locality 77, just north of the railroad. At the time of the 
writer's visits, in October, 1918, and January and March, 1919, the 
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pit was filled with water. In September, 1017, fresh surfaces were 
exposed and Dr. KtUnmel measured the following section: 

Section at pit o/Atknitie Potath Co,, 1.1 miles east of MarUon (locality 77). 

Feet. 

Sandy ciay and gravel a-6 

Yellow bed, Grypbaea ahells, iron stained and more or leie de- 

compoeed 2-2J 

White unaltered ahells, 80 per cent Gryphaea^ some Terebratula 

harlani; upper contact very sharp and approximately horizontal. )-l 

Dark greenish-black marl, exposed 6-7 

It was stated that 40 feet of marl had been dug here without 
Teaching bottom, and that about 13 feet from the top the marl 
became a httle more greenish. 

The condition of the pit in March, 1919, is shown in Plate VIII, A, 
Determinations of the weight of the marl per cubic foot were made 
on relatively fresh run of mine material, as described on pages 19-20. 
A sample of this material analyzed at the Survey laboratories con- 
tained 7.63 per cent of potash (E^O) . 



The lime sand does not come to the surface in the Marlton district, 
but it is penetrated in a number of wells in the eastern and south- 
eastern parts of the district. The map shows its probable distribu- 
tion northeastward from a place about 1 mile southeast of Marlton, 
where it emerges from beneath Tertiary beds but is still concealed 
by Quaternary deposits. 



X8TIMATB8 OF TOVVAOB AVD YAJLVE. 



In the 2.5-acre tract at Elmwood Road station the thickness of 

the marl is about 50 feet and its potash content 6.50 per cent. On 

the assumptions, as in previous estimates, of 28 per cent of voids and 

a weight of 133 pounds per cubic foot, 1 acre of this tract would 

^ . 43,560X50X 133X0.065 ^ .^^ . . s. u nr f\\ j 

contain — 2060 =9,400 tons of potash (KaO) and 

the 2.5-acre tract would contain 23,500 tons. 

With an 80 per cent recovery and a price of $2.50 per unit of 20 
pounds (March, 1920) the potash in a ton of greensand would be 
worth $13 and the potash in an acre of this tract would be worth 
$1,880,000. At the more probable price of $1.50 per imit the potash 
in a ton of greensand would be worth $7.80 and the potash in an 
acre of the ground would be worth $1,128,000. These estimates of 
value have no relation to the present value of the land, as they are 
dependent upon the extraction of the potash by processes whose 
successful operation has not been commercially demonstrated. ^ 
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vnuzATwrn cm the deposits. 



The 2.5-acre tract is part of a tract large enough for commercial 
development and lies on a railroad that gives direct access to Dela- 
ware River at Camden, about 16 miles distant. 

At holes 15 and 16 and at the Atlantic Potash C6.'s pits water 
rises within a few feet of the surface and will need to be considered 
in any plan for exploitation of the maiL 

Along the southeast boundary of the marl belt a thickness of 
about 50 feet of marl may be expected, but the overburden is rela- 
tively thick, being about 17.5 feet in the 2.5-acre tract. Where 
streams have removed some of the overburden, as in the vicinity of 
the Atlantic Potash Co.'s pits, the marl will be more accessible. 

XEBFOBB BISTBIGT. 



The Medford district merges with the Marlton district on the 
west and is discussed separately only for convenience in the presen- 
tation of data. At Medford the Manasquan marl underlies the 
surface sand and gravel, but to the south, east, and northeast the 
Kirkwood is found. The Manasquan forms a belt extending nearly 
4 miles southwest of Medford, but the marl is only locally exposed. 
It was formerly dug here and there, as at locality 78, about 1 mile 
southwest of the town. This locality was visited by Dr. Kdnmiel 
in September, 1917, when he found the pits entirely grown up with 
trees and no marl visible. The marl was deeply buried by yellow 
sand and must have lain 12 to 15 feet below the surface. 

Just north of Medford the Vincentown sand forms a belt about a 
mile wide that is also largely concealed by surface sand and gravel. 
From the vicinity of Reeves station to a point within a mile of 
Liunberton the Homerstown and Navesink marls occupy a belt about 
2 miles wide, in which the marl lies imder varying amounts of sand 
and gravel and in some places is within a few feet of the surface. 

WELL DATA. 

The records of several wells show the thickness of the overburden 
and of the marl in different parts of the district. The writer is 
indebted to M. W. Twitchell for the following record and interpreta- 
tion of the well of J. S. Wills: 
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Record of well of J. S. WiUa, near Me^ord {locality 79), 

[EkmitJon, «8 (?) feet.] 



MI -. 

Chy, ydJow aand 

finegray land with gnwnwtnrt grains , 

Ctenegraj aand witngraonaaDa grains 

OBTfr«olored marl , 

Strk-green marl , 

UneMnd. ForaminifeRu Bryoaoa* 

Giwn mar) with shells (Offjmaea and Tenhntula) 

Pure greensand, dark , 

Pore greensand, light 

Pdregreensand, dark 

Poregreenaand, chooolate-oolored 

Pve greenaand, dark green 

Gny aand with greeniand grains and shell, etc, Exogyra 
tad BdemwUf. 
Qny aand and water 



Thlck- 
neas. 



Ft€i. 



2 

3 

10 

8 



I 



Depth. 



Feet. 

2 

5 

15 

23 

30 

35 

50 

70 

7« 

80 

01 

101 

120 

124 

126 



Formation. 



Kirkwood. 

juanaaqoan. 
V'inoentown. 



Horneratown and 
Naveaink. 



Mount Laurel and 
Wenonah. 



This record shows a thickness of about 54 feet of Homerstown and 
Navesink marl beneath an overburden of 70 feet; but included in 
the overburden are about 20 feet of Manasquan marl and 20 feet of 
Vincentown sand. 

At the farm of I. W. Stokes (locality 80), about 1 mile northeast of 
Medford, a well was sunk in the midst of the Homerstown and Nave- 
sink marl belt. This shows 15 feet of overburden and 30 feet of marl, 
a commercial quantity. The following record and interpretation 
tre supplied by Dr. Twitchell : 

Record of well of L W. Stoke$, near Medford (locality 80). 
[Elevation, 78 feet. Btotthofl Bros., drillers.] 



Bind and earth. 
Miri. 



>••••••< 




Sud, varying 

Shdly layers 

Caane gray sand (water irony; . 

GfBenmarl 

Black qoicksand 

Marl. 



QntAlr«ft*/i 

Marl (fourth stratum) at 

fluid, some day 

flud, some day (water good) . 
akod 



15 
4 

6 
15 
25 
12 
35 



5 
2 
6 



00 
64 
70 
85 

110 
122 
167 
170 
175 
177 
183 



Horneratown and 
Naveaink. 

Mount Laurel and 
Wenonah. 



Marahalltown. 
EngUshtown. 
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At the Eajreetown School, about 1.2 miles northeft 
town, B well was sunk, wluch, according to the State 
furnishes the following record : 

Rtcord of veil at Eayrtitotpn Sriioal (locaUts (tl). 



[F.l<T>Uin,>bait(«tiM 


B. I. Tarloi, drlller.l 






Thick- 


I>«th. 






Fm. 


AM. 
10 
U 

1 








































h 







The overburden at this site ia relativelj thick (20 feel 
is 31 feet thick and from the deaoriptiTe terms used ii 
good qoality. In view of the thickness shown it is prol 
marl extends farther northwest than is shown on the ma 



m. 1. XTAV CO .-8 FIT. 



The pit of the R. S. Ryan Co., which form^ly belongi 
Refers, of Medford, is at Reevee station, about 2 miles i 
ford (locality 82), and ia now the site of a plant for the 
potash from greensand marl. (See PI. IX, A.) At t 
of the pit the following section was observed in March, 



Sedton at jAt of R. S. Ryan Co., at Reera slat 


ion (loailily 




Thlck- 


I>ep(h. 






l-U 


b 






Hi 


** 





The pit has been dug below the level of the base of t 
tion, but the lower part is concealed by water. The n 
be 40 feet thick and to contain from 6^ to 7 per cent of j 
Material from the lower layer in the section was used i 
determinations described on page 19. An average sai 
marl from this layer analyzed in the Survey laborato 
6.25 per cent of potash. 

The ironstone layer, which in the above section c* 
the position of the shell bed at the top of the Homerst^ 



BULLETIN TZ7 PLATE IX 




<:. I'lT AT FAKMINCDALE. MONMOUTH COUNTY. N. J. 

ii^ll „*m-i „iu\ .i|.'<iiiL«l l>y SiiTiiiiikum Miirl Co.; nu» owned hy D. Mnhom-y. Vim 




'n>itr.^t.' 
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tlumneT fK>atlrBViurd and is only about 6 inches thick at the south end 
of the pit. At that place the shells are missing, and the ironstone 
includes pebbles. Thus the ironstone appears to cut across the 
upper beds of the marl at a faint angle, rising toward the north. 

The layer from which the sample analyzed came is in the upper 
part of the Homerstown marl. Comparison with the borings pre- 
viously described would indicate that marl of better quality would 
be found a few feet lower. 

ZiDCE SAITD. 

The Vincentown sand with its lime-sand phase is reported in the 
logs of some of the wells already cited. In this district it is exposed 
only in the pit at locality 83, on Haynes Creek about 0.4 mile south- 
east of the R. S. Ryan Co.'s pit just described, with which it is 
connected by a tramway. The lime-sand pit also belongs to the 
R. S. Ryan Co., and the lime sand is used with the greensand in the 
process of potash extraction. 

The exposure shows about 8 feet of lime and quartz sand with hard, 
cemented masses of lime sand 6 inches to 1 foot thick, irregularly 
distributed through it. There are also large bodies of dark-greenish 
clay, grading into sand and here and there containing small masses 
of limestone. Clay bodies 10 feet or more long and 2 or 3 feet 
thick lie near the base of the cut. A random sample of the loose 
lime sand analyzed in the Survey laboratory contained 35 per 
cent of carbonate of lime (CaCOs), and a similar sample of the 
harder limestone phase contained 74 per cent. The analysis of the 
harder sample gave 52 per cent of lime (CaO), of which only 
about 32 per cent is in the carbonate form. The excess lime, 
20 per cent, is probably present as phosphate, for a quaUtative 
test shows a strong reaction for phosphoric acid. Some iron is 
also present and may be combined with carbon dioxide (CO,). The 
loose lime sand contains only a small excess of lime. The presence 
of phosphate of lime in the lime sand may account for its irregular 
consohdation and also in part for its beneficial action in agriculture. 

VINCENTOWN. 

Vincentown lies partly in the area of the Manasquan marl and 
partly in that of the Vincentown sand. Both marl and lime sand 
have been dug near the town, but these formations are only locally 
exposed. 

WSZXDATA. 

A few wells sunk near Vincentown give an idea of the amount and 
character of the overburden and of the thickness of the lime sand 
and marl beds. The well of WiUiam J. Irick, about a mile west of 
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Vinoentown, penetrates the Navesink marl and shows the succession 
of overlying beds. Its record follows: 

Record of well of WiUiam J, Trick ^ about 1 mile we$t of Vincentown (locality 84).^ 

[Eleratioa, 90 feet. A. O. Diinpbey, driller.] 



Yellow gravel 

Oraiig»«olore(i sand and fine gravel 

Yellowish sand with afew nreensand grains 

Yellowish lime sand with plentifal Biyoxoa 

Ash-ooloredlime sand with very few Bryocoa 

Qraylsh greensand with nomeroiu Focaminifera, Bryona 

wanting 

Dark greensand with TmbrahUakartaniVidCfrppkaet 

Ughtar-cdored greensand; no fossils 

Very dark colored greensand . 




Feet. 



Qiayish greensand with Befemttieet 



3 
6 
9 
7 
19 

5 

1 

30 

31 

3 
5 



Depth. I 



Formation. 



Feet. I 

8 

9 

18 

25 

44 

49 

50 

70 

101 

101 
109 



HQuaternary.] 



tVlncentown.] 



(Hornerstown and 
Na\'esink.] 

Mount Laurel?). 



a New Jersey Gcol. Survey Ann. Kept, for 1901, p. 71. 

Here beneath an overburden of 18 feet of sand and gravel, includ- 
ing probably the upper bed of the Vincentown, there are 31 feet 
of lime sand and 56 feet of greensand marl, including both shell beds. 

A well sunk at Richard Ridgway's farm, south of Vincentown, 
shows, as reported, some 00 feet of marl beneath 12 feet of over- 
burden. Its record follows: 

Record of well of Richard Ridqway^ about 1,7$ milee touih of Vincentown (locality 86).^ 

r Elevation, about 40 feet. S. J. Taylor, drOiir.l 



Thick- 
ness. 



Depth. 



FocmatioD. 



Low soggy ground 

Dark-green marl 

Ugfat-greea marl 

Oyster shells, hard stone, some greenaand 



Feet. 



12 

ao 

70 
10 



Feet, 

12 

32 

102 

112 



rCkiatemary.] 
HManasquan and 
r Vincentown?]. 
(Top of Homerstown? 



a Files of New Jersey Oed. Survey. 

This well is about 2 miles farther down the dip than the Irick well 
and would thus be expected to show a greater thickness of the Vin- 
centown sand^ which is locally very glauconitic, and a complete 
or nearly complete thickness of Manasquan marl. The limesand 
phase of the Vincentown, if present, was not recc^nissed. It is pos- 
sible that the Vincentown is absent and that the shell bed mentioned 
is the base of the Navesink, but in view of the records of the Irick 
well and that of Henry I. Budd, given below, the interpretation in- 
dicated seems more probable. 
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88 



The well of EMward Blackley, at locality 86, ziear that of Richard 
Ridgwaj; shows a similar record but was sunk to a depth of 135 feet. 
The driller reports that the oyster shells were not so plentiful and 
that a little black muck was penetrated before reaching the sand^ 
which was of a gray color. 

The well of Henry I. Budd,*® described as 2 miles south of Birming- 
ham, is probably within 2 miles of Vincentown and somewhat north- 
west of the strike of the beds at the two wells last mentioned. At 
the Budd well the base of the Navesink is struck at the depth of 140 
feet. Its record follows. 

Record of well of Henry I. Budd, t miles south of Birmingham, 

f Elevatiaa, 50 feet.) 



LotmandclAy 

MtrLrtlcky 

HftrdiraDBtcne 

Mirt. 

Hardcruflt. 

Mart. 

HtrdorasL 

MtrL 

Htrdcnut. 

Mirt. 

HAideniBt. 

MaiL 

Hard crust. 

lUrL 

Shed marl 

Shell bed, Ory^utea and Terdnatula 

Black sand and marl 

Greensand marl 

Cnai^BelemnUes 

Coarae white sand with water 



Thick- 
ness. 


Depth. 


Formation. 


Feet. 


Feet. 




7 


7 




82 


09 




2 


71 




1 


72 




1 


73 




3 


75 




1 


76 




3 


79 




1 
2 


80 
82 


(VinootownT) 


1 


83 




2 


85 




1 


86 




3 


89 




10 


99 




6 


105 




10 


115 


fHornerstown and 


23 


138 


r Navesink.l 


2 


140 


J 


3 


143 


[Meant Laurel and 
Wenonah.l 



In this well the position of the top of the Ilomerstown is clearly 
indicated by the Terebrattda-hesLrmg bed, and the combined Homers- 
town and Navesink beds are thus 41 feet thick. The alternating 
marl and crust layers above this bed are suggestive of the lime-sand 
and limestone phases of the Vincentown, which under this interpre- 
tation would be 28 feet thick. The 62 feet of '^ sticky marl'' is 
probably too thick to represent only the Manasquan marl and may 
include the lower and more clayey portion of the KirkMrood. The 
ironstone, however, suggests unconformity, so that the Manasquan 
may be absent. 



MABL PJT8. 



At locality 87, about 1 mile south gf Vincentown, on the property 
of Dr. J. Clifford Haines, Dr. Kummel observed, in September, 1917, 



» Ifow J«iwy Oeol. Survey Ann. Kept, tar 1896, p. 143, 1897. 
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a freshly dug pit with vertical walls in which the following section 
was exposed: 

SectUm at marl pit of Dr. J. Clifford Haines, 1 mile mnUh of Vincentown (locality 87). 

Feet. 

Sand and gravel 5 

CiUflty marl 1 

Gray to black marl S-4 

Water level. 

10 

Other exposures in the neighborhood showed 10 to 12 feet of 
stripping. 

In the early eighties, according to data on file at the New Jersey 
Geological Survey, the pits of the Vincentown Marl Co., which were 
near the Haines pit, showed an overburden of 6 feet of yellow and 
white sand and gravel resting on 16 to 20 feet of marl, gray above 
and black below. 

At locality 88, on the opposite side of the creek from locality 87, 
Dr. Kilmmel observed, in September, 1017, several small openings 
that had been made within the preceding few years. There were 
piles of light ash-colored marl at an elevation of about 40 feet, and 
the pits showed 7 or 8 feet of sand and gravel overlying 3 to 4 feet 
of light yellowish-green marl blotched with clayey pdlets. The pits 
were filled with water. 

The pits on the H. J. Budd estate, at locality 89, about 1} miles 
east of Vincentown, were visited by Dr. KtUnmel in September, 1917. 
No marl had been dug there for 20 years, and there were no expo- 
sures, but according to John W. Rose, who used to dig marl there, 
the pits formerly showed 3 to 6 feet of stripping succeeded by 3 feet 
of gray marl (locally with ironstone) overlying 12 to 18 feet of black 
marl. The bottom of the marl was not reached. 

From the Ben Brown place, near Vincentown, W. C. Phalen col- 
lected a sample of marl from a previously dug pile and a check 
sample from a bed of greensand 6 or 6 feet thick. The first sample 
when analyzed in the laboratory of the United States Geological 
Survey was found to contain 3.74 per cent of potash and the second 
sample 4.22 per cent." A third sample from the Henry Butterworth 
place, between Pemberton and Vincentown, contained 4.28 per cent 
of potash. This sample represented 6 feet of greensand, which was 
overlain by 10 to 16 feet of clay and gravel. 

LXMSSAVD. 

According to data on file at the State Survey, lime sand was dug 
on Rancocas Creek near Vincentown at locality 90. In the ewly 
eighties the following section was exposed : 

n Ashley, O. U., Notes on the greensand deposits of the United Stetes: U. B. OtoL Surrey Boll. 
flOO, pp. 39, 47, 1918. 
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Stttion nf Vinceniown maid or RmnmeaM Creek, near VmeenUntn {loeaKiif 90), 

Ft. In. 

Brown Band and humiu 6 

Ydloi^ and white sand and marl 2-4 

Red Band 6 

limesund, cemented in some places and full of Eechara 7-9 

limestone 10 



24 



In the spring of 1019 interest in the lime sand at Vincentown was 
levived, and some of the material was reported as being dug for 
agricultmtd lime. 



BIBIONOHAIC AND PBXBBBTON. 



KOnHAV PIT. 



William Hoffman owns a large pit at Birmingham (locality 91), 
trom which he makes occasional shipments. (See PI. IX, B.) 
Hie following section was exposed in January, 1919: 

SeetUm at WUHam Hoffman** marl jnt, at Birmingham (locality 91). 

Ft. in. 

Sand with some pebbles 6 

Light-green clay locally at contact 1-2 

ICarl, grayish, with some dark irregular masses including gray 

spots and specks 2-3 

ICarl, black, grading irregularly into overlying layer 3 6 

ICarl, black, dark greenish tint 1 6 

14 2 

Mr. Hoffman states that the marl about 14 feet below the top is 
green and that he stops digging at that depth on account of water. 
A sample representing an average of 10 feet of greensand from this 
pit, taken by W. C. Phalen in 1917 and analyzed in the Survey labo- 
ratory, contained 7.07 per cent of potash (K^O)." 

A well sunk for Mr. Harper at locaUty 92, a short distance south 
of the HoAnan pit, shows the thickness of the marl and the amount 
rf overburden that may be expected. Its record follows: 

hoard of Harper well, about 0.3S mile N. 24° W. of Birmingham elation (locality 92). 

[EleTAtion, about 30 feet. S. J. Taylor, driller.] 



jUidtndcraTd 




oininmmcme ftjniiatlon (indurated m»«?^) • - 
invnelay 



Thlck- 
nen. 



Ftet. 



16 
2 
83 
10 
10 

ao 

6 



Depth. 



Ftet. 



15 
17 
50 
00 
70 
00 
05 



Formmtion. 



<2iiatemary. 

Hornerstown and 
NaveBink. 

Mount Laurel and 
' Wenonah. 



■ AAky, O. K., op- <**•» P* *^- 
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According to Mr. Taylor, the "lignite" of the above record is glau- 
conite. The total thickness of the marl beds as there shown is 53 
feet, and that of the overburden is 17 feet. The shell bed at the 
base of the Navesink, which lies at a depth of 60 feet in the well, is 
exposed in the bank of the creek above 12 feet of Mount Laurel sand 
at locahty 93, about 1.2 miles north of Ewansvillc. 

PITS OF H0RCR088 A EDMTnrDS CO. 

About half a mile east of Birmingham station the Norcross & 
Edmunds Co. has operated a sand-washing plant for a number of 
years. The sand is taken from the company's property, which 
includes about half a square mile south of the creek and east of the 
station. So much sand has been removed that the overburden over 
much of that area has been greatly reduced. The property lies largely 
in the belt of Vincentown sand, but the creek has cut through into the 
marl about 0.2 mile east of the station, and near the western part of 
the property the Vincentown sand should not be very thick. 

Men and tools were kindly supplied by the company for exploration, 
and three attempts were made to reach the marl in the vicinity of 
localities 94 and 95, but each attempt was unsuccessful because of 
the gravelly nature of the overburden and the nearness of water to 
the surface. The marl was not reached at depths of 3 or 4 feet. 

In the southeastern part of the property two holes, Nos. 17 and 18, 
were sunk, respectively, at localities 96 and 97 in the Manasquan marl, 
and samples for analysis were taken. The character and potash 
content of the material are shown in the table below. 

Two attempts were made to sink a third hole by the creek at 
locality 98, but these were abandoned at depths of 3 or 4 feet because 
of the gravelly nature of the overburden and the abundance of water. 

Records ofkoUt at sand pits of Norcross & Edmunds Co. 

Loe^U M. iMie 17. 

[About 0.76 mQe noutheai«t of Birminriiain .station and aboat 375 feet northwoBt of cnlTcrt in road to Soofh 
Pemberton. Elevation of present mirfooe, about 50 fe^. Analyst, £. T. Erickson.] • 



Gravel with pronounced iron-stained lAyets 

Olauoonite beds, thin alternating leafv layers of 

dnb fine sandy clay and greenish glauconiUc 

day; random sample. 
Olauoonite beds, dark grayish green, clayey, 

uniform texture, water bearing. 



Thick- 
ness. 



Depth. 



Ft. in. Ft. in. 
3 3 

3 3 6 3 



9 8 15 11 



Field 

No. of 

sampla 



M-llte 



M-119 



KsO. 



PtTcenL 



3.63 



3.61 



Fonnation. 



Pleistocene. 
Manasquan. 

Do. 
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L«dly f7. kcle It. 
[AbootSSO feet nortti of hole 17. Etovation of 8iiriM», about SO leet. Anal^iit, E. T. Erickion.l 



Gnrel lod nud 

Ghmnite beds, thin mltomatiiiff leafy layen of 
dnbflMaenay day azid grepnlah glauooiiitic 
dkf. Bttdfli&Miiip&Btakpiiatde^ofQfeet 
eBMdnd l e fi r eaon tatlve of entire ImxI. 
Low 6 to 8 inchaB a littlo darker aiid m^>re 

QHeontte beds clayey, dark eremliili giay 

dMoaato bed-s lisht greeiii-th gray, with 
pitaiofUiiiaandluinpsofvivlanlte. Lumps 
nlminlar In ahape and rough ill fed. The 
MiMimtich clay and con^erable gteuconlto 
tatippMrB quite limy with dark ipauoonlte 
rtmki. At Da*<e a hard layer that could not 
ki poecmted with auger. Top of Vlnoen- 
tonK?). Watar atands in bole about 3 feet 
WovsnrfueL 



Thick- 
nees. 



Ft. In. 

8 

14 4 



2 10 
1 8 



Depth. 



Ft. In. 
8 
15 



17 10 
10 6 



Field. 

No. of 

sample. 



KtO. 



Formation. 



Per cent. 



M-iao 



lf-121 
M-122 



' rioistocene. 
3.27 Do. 



2L7.'» 
1.83 



Manasqoan. 
Do. 



At locality 99, in the same general vicinity , a hole 10 to 16 feet 
square and perhaps 10 feet deep, now filled with water, had beeh 
rocently dug in the Vincentown sand. No grecnsand appeared on 
the diunpy but incoherent lime sand with some pieces of cemented 
limestone formed the bulk of the pile. Bryozoa were very numerous. 
Portions of the material were strongly cemented vnth iron oxide, 
ind much vivianite was scattered over the dump in bluish radiating 
crystalline masses, in crusts, and in concretionary forms. Evidently 
the hole had missed the Manasquan marl and had not been dug deep 
enough to strike the Homerstown. 

From the vicinity of this hole westward and northward to the rail- 
road the lime sand should be relatively near the surface and in suffi- 
cient quantity to be a commercial source in the event of any exploita- 
tion of greensand marl in the district. No analyses of this matcTial 
tre available, but from its appearance in the dump noar i\w lioK* and 
in d^bns along some of the ditches cut by the company it seoins prob- 
able that this lime sand will compare favorably in content of carbon- 
ate of lime with that from locality 83, near Reeves station, which is 
utilized by the R. S. Ryan Co. ^ 

The Norcross & Edmunds Co. also owns ground between Rancocas 
Creek and the road east of the tributary that enters the creek about 
0.6 mile southeast of South Pemberton station. Through the courtesy 
of the company a hole, No. 19, was sunk at locality 100, in the north- 
western part of this property. There are numerous old marl pits in 
the vicinity, and some recent pits with equipment for digging. A 
site was selected near one of the recent pits where most of the over- 
burden had been removed, and samples for analysis were collected, 
18 shown in the following record. 
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Record of hole 19, at locality 100, 

of Norcross A Edmunds Co. abont 4,200 feet S. ftS* E. from Soath Pemberton station, at group 
recent marl pits. Elevation of present surface, about 30 feet. Analyst, E. T. Eiickson.] 



8oU and Rravel at level of former working 

Olauconite beds, dark grayish green, somewhat 
clayey, fine textured, rather mealy. 

OUucontte beds, lighter green, stiff, clayey; 
contain considerable quartz in fine grains, 
greasy feel and appearance on smooth surface. 

Qbuconite beds similar to last but with more 
quarts and somewhat mealy texture: irregu- 
lar streaks oflighter a nd darker constituents . 

Olauconite beds, darker sreen ,larger percentage 
of elauconite due to larger number of thin 
beob of flne-textured glauconite. 

Olauconite beds, dark green, thin bedded, with 
numerous layers of fine glauconitic material; 
at base a stiff green clay. 



Thick- 
nesR. 



Ft. in. 
1 
5 



Depth. 



Ft. in. 
1 
6 

8 



3 10 : 11 10 



12 4 



8 8; 10 



Field I 
No. of < 
sampte. 



u-vaa 



U-IM 



M-125 



K|0. I Formation. 



Per end. 



4.29 



2:99 



4.81 



Pleistocene, 
Manaaqnan. 



Do. 



Do. 



The overburden at the hole was only 1 foot thick, but the top 
of the hole was about 3 feet below the level of the adjoining meadow 
to the northeast. The marl was not penetrated at the depth reached, 
16 feet. 

The analyses of the marl from holes 17 to 19 indicate that the 
portion of the Manasquan represented by them is distinctly inferior 
in potash content to the Homerstown and Navesink marls. Deter- 
minations of the water-soluble potash of the samples from these 
holes showed either none or a mere trace. 

Composite sampler from these holes were tested for their content 
of lime (CaO) and of phosphoric acid (P3O5) , with the results shown 
in the following table: 

Potash, lime, and phosphate content of samples of Manasquan marl from holes on nropertif 

qf Norcross & £!dmunds Co., near Birmingkam and SoiUh Pemberton {toealiHes 96, 

97, and 100). 

[Analyst, E. T. Erickson.] 



Field No. of sample. 



M-119a 
M-120. 
M-119. 
M-121. 
M-122. 
H-123. 
M-125. 



Thick- 
ness. 


KjO. 


Ft. in. 


Percent. 


3 3 


3.63 


14 4 


3.27 


9 8 


3.61 


2 10 


2.75 


1 8 


L83 


5 


4.29 


3 8 


4.61 




Percent 

Trace 

None. 

Faint trace 

None 

do 

Trace 

do 



Per ceittm 
L53 

2.31 

8.86 



PiOs. 

Percetd. 
1.37 

8.88 

2.44 



The lime and phosphate content of this marl, as indicated by the 
above analyses, is not high but is probably sufficient under favorable 
conditions to produce beneficial results in agriculture. The higher 
phosphate content of the middle group is probably due to the vivi- 
anite in sample 122. (See p. 87.) 
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OTHS&DATA. 

At North Pe]xil>erton a well sunk near the station for Peter Cos- 
pore's creameiT' furnishes the following record: 

JUoord €tf u^ell €U Peter Co90rave*9 creamery, North Pemberton (locality 101). 

[ ElevBtiini, about 35 feet. R. J . T»ylor, dniler.l 



Dttw«D 

wtpwnmarl 

Bids, very hard 

Cnntgraennnd and qiiw^«. ....... 

flwmmirV'Uicnite" C— «»*w»n*te) 

IhA mkaceous ciay — 

BiiddMUs. ...----- ----.•--•-• 

OdHie white qoarts. 



TLlck- 
ness. 



Fttt. 

15 

65 

2 

6 

18 

20 

6 

10 



Depth. 



Fert. 



Formation. 



15 ^Manasquan and Vin- 
centown(?). 

Homerstnm'n and 
Nave8ink(?). 

^oiint Laurel and We* 
uonah. 



80 

K2 

88 

106 

126 

132 

142 



The 65 feet of green marl in the upper part of this well is rather 
kaid to interpret. The Vincentown locally contains much greensand 
and at some places, as at hole 16 (locality 63), might be called a 
peensand marl. The lime-sand phase does not appear to have been 
recognized bere and may be absent, in which event the Manasquan 
ind Vincentown might together form the "green marl." The two 
ihdl beds give rather definitely the position of the combined Hor- 
nerstown and Navesink beds, and, allowing for the dip, the lower 
shell bed is at about the right depth to correspond with its position 
at localities 92 and 93. With this interpretation the combined 
Homerstown and Navesink marls would be 52 feet thick. 

At locality 102, near South Pemberton, are some old pits now 
OYeigrown. According to data on file at the State Survey, the 
following section was formerly exposed here: 

Seetton expo9ed in the early eighties at marl pits near SoiUh Pemberton (locality 102), 

Feet. 

HumuB and black sand 1 

Yellow sand and gravel 3 

Reddish-brown sand IJ 

White, black, and yellow sand and gravel 1} 

Marl with scattered shark teeth 18 

24 i 

At locality 103, about 2 miles northeast of Pemberton, are some 
marl pits from which Ivins Homer made small shipments in 1914. 
This locality was visited by Dr. Kttamel in September, 1917, when 
he observed the following section: 

SeeHim at piU of Ivins Homer, t miles northeast of Pemberton (locality 103). 

Feet. 

Stripping ^^ 

Gray marl 2-2J 

Green marl 10 

88625°— 22 7 16J 
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The marl pits occupy 2 or 3 acres dug over in rows. A laige 
area can be opened to tlie south without much increase in stripping. 
The bottom of the marl was not reached, but the green marl is 
said to be 18 feet thick. 

A sample of marl taken by W. C. Fhalen from oile of the piles 
was analyzed in the laboratory of the Greological Survey and found 
to contain 4.22 per cent of potash. A second sample taken from 
a bed where the greensand was 12 to 14 feet thick and the over- 
burden 8 to 10 feet thick contained 4.74 per cent of potash." 



Near Birmingham there are several places in proximity to the rail- 
road where Homerstown and Navesink marl of suitable quality can 
be obtained in commercial quantities without too much overburden. 
Lime sand is also accessible near the railroad between Birmingham 
and Pembcrton. The Manasquan marl near Pemberton is apparently 
18 feet or more thick but so far as examined carries less pota^ 
than the Homerstown and Navesink marls. The presence of snuill 
amounts of lime and phosphoric acid (P^Og) probably explains its 
former popularity in agricultural use. The overburden is rather 
thick except along stream courses. 

The available data do not warrant the formtdation of specific 
tonnage estimates for the potash content of the areas described. 



Although no further boring was done than that described, well 
records and fairly recent data bearing on the thickness and con- 
tinuity of the marl are available for several other areas north- 
eastward into Monmouth County. These are given below. 

JOBSTOWH. 

The well of Barclay White at Jobstown, locality not stated, 
shows that the marl continues into that district in probable com- 
mercial quality and thickness. 

Record of well of Barclay WhiU^ Johstown, 
[W. C. Barr, driller.) 



- 

Dui;w«ll 

Oreenmftrl 

Black marl and shells 

Coarse gray or paper-oolored sand, a few inches water 
bearing. 

" Ashley, O. H., op. clt., pp. 39, 47. 



Thick- 
ness. 



Fed, 



14 
10 
46 



Depth. 



FeeL 



14 
24 
70 



Formatioii. 



[HorneratowB and N^ 
veaink]. 

[Moont Laurel and 
Wenonah.] 



WBIGHTSTOWN. 
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A railroad traverses the marl belt southeast of Jobstown and affords 
suitable transportation facilities. The overburden in the higher 
Unds along the railroad is probably excessive, but along the stream 
courses more favorable sites for exploitation may be expected. 
For example, a site near the stream and railroad crossings below 
Jnliustown (Ellis station) would probably give a maximum of marl 
with a minimum of overburden. The lime sand occurs at Juliustown 
but is not well exposed. 



In the vicinity of Sykesville the Homerstown and Navesink 
marls become separated by the Redbank sand. A well sunk for 
the Newbold Black estate at locality 104(?), about 1 mile north of 
Sykesville, shows 15 feet of Navesink marl beneath 35 feet of gray 
sand. 

At locality 105, about halfway between Sykesville and Greorgetowny 
a weU sunk for D. C. Kalback on timber land at an elevation of about 
135 feet penetrated the base of the Navesink marl at a depth of about 
81 feet. No specific record of this well is available, but material 
lying on the dump consisted chiefly of Navesink marl and Redbank 
sand with apparently a very good representation of the Navesink. 

WBIOHTSTOWV. 

At locaUty 106, about 0.9 mile north of Wrightstown station, a well 
sunk for Ellis (Robert?) Crowshaw furnishes the following record: 

Record of well of Ellis Crowshaw near Wrightstown {locality 106). 
(Elevatioii, about 160 feet. 8. J. Taylor, driUer.) 



Vvftaard yeUowish dav and gravel 

Onenfluid, "aomeUiiiig like Englishtown" 

Hard ooDcrete formation, sandstone 

Very dark bluish marl and shells 

Lij^t-n-eensand, shelly marls 

Very dark greenish marl, shells 

Ban gray aand. shells, hardpan containing BeUmniteUa^ 
vsn^X'^n by dry black micaceous clay; water. 



Thick- 
ness. 



Depth. 



Feet. 



15 
5 
10 
20 
40 
20 
20 



Feet, 
15 
20 
30 
50 
90 
110 
130 



Formation. 



\[Quatemary and Ter- 
/ tiary.]. 
[Vincentown?] 

[Hornerstowu and 
Navesink.] 

[Mount Laurel.] 



The overburden here is 30 feet thick, of which the 10 feet of ''hard 
concrete" may represent the limestone or lime-sand phase of the 
Fincentown. The marl appears to be 80 feet thick but may include 
beds assignable to the Redbank sand. The sand with BdemrvUeUa 
is undoubtedly Mount Laurel. 

On January 18, 1918, two wells were being drilled at an elevation 
of about 120 feet at locality 107, on the bank of the creek about a 
(hiee-eigbiths of a mile northwest of the station at Wrightstown. M 
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At that date one well was 130 feet deep and the other 320 feet. No 
definite record was kept, but Dr. KOnunel's inquiries elicited the 
following data: 

Records of two welU about 0.S8 miU N, $4*^ W. of WrightHown itation (locality 107). 



Thick, 
ness. 



Depth. 



Soil, flood-plain deposits, etc . 



Shell bed, Ezogfrat BeUmniUOa 

Greenish quarts sand with more or less marl. 
Other beds. 



Feel. 

9 

101 

2 

13 

195 



Feel. 
9 
110 
112 
125 
S20 



Dr. KQmmel notes that the shell bed is undoubtedly the base of 
the Navesink marl. He thinks that part of what is reported as marl 
is Vincentown sand. The Ejrkwood sand appears in the side slopes 
of the valley above the wells. From a contact of Navesink and 
Mount Laurel 3 miles away Dr. KQmmel estimates the dip here at 
38 to 40 feet to the mile. 

JAG0B8T0WV. 

At locality 108, along the road about 1.4 miles east of Jacobstown, 
the shell bed at the top of the Homerstown is exposed in the stream 
bed north of the road. A considerable acreage of comparatively 
even ground with probably moderate overburden and with practically 
the full thickness of the Homerstown marl is here available. 
Unfortunately the site is about li miles from the nearest railroad 
shipping point, New Egypt. 

At locality 109, about 1.1 miles farther northeast, on the road and 
coimty line, the shell bed at the top of the Homerstown is exposed. 
Dr. Kummel notes that the overlying Vincentown sand is a gray, 
more or less marly sand, more strongly marly in its lower 10 or 12 feet 
than in higher beds. At a pit nearby he observed the following 
section: 

Section at pit near county line west of Crossvicks Creek, Monmouth County, 

Feet. 
Vincentown sand 

Black greensand 6 

Greensand with yellowish pebbles 1 inch in diameter, not so much 

clayey as limy in appearance 6 

Greensand, very black and massive, base not exposed 6 

HXW X0TFT. 

The following record of a well drilled for the water company at 
New Egypt '* shows a probable great thickness of marl but does not 
differentiate the greensand from the Vincentown, in which it begins. 

M New Jersey Oed. Survey Ann. Rept. for 1909, p. tt. 



horkebstowh'. 



98 



Record of well o/vnUer company at New Egypt, 
[ElevBtkm, 75 feet; Pfeifler, driller.] 



Mari 

SftDd 

MiiL 

Dark qiurta aand 



Thick- 
ness. 



Fed. 
112 

8 
98 
20 



Depth. 



Fed. 
112 

120 
218 
238 



Formation. 



[Vinoentown to Nave- 

UMoimt Laurd to Mar- 
I 8halltown7| 
[Eni^town.) 



The base of the Navesink is probably at the depth of 112 feet. Its 
thickness combined with that of the Homerstown doubtless exceeds 50 
feet. 

About 1 mile south of New Egypt the Manasquan marl forms an 
irregular area in which a number of old marl pits are located. These 
are mostly inactive and overgrown, but at some of them marl has 
been dug as late as 1915. In October, 1913, Dr. Twitchell»* ob- 
served the following section at the Huggins pit: 

Section at Huggins marl pit, about H miles south of New Egypt. 

Feet. 

Soil, gray sandy, with a few pebbles 2 

Marl, olive green, apparently reworked, yellow spots and streaks. . . 4 
Marl, dark olive green to greenish black, pale-yellow specks and 
concretionfi 4 



10 



Some marl was dug here in 1912-13. 
like fine light-gray ashes. 



The surface where dug looks 



K0RHBB8T0WV. 

At locality 111, about 0.75 mile southwest of Homerstown, there 
is a large marl pit, formerly worked on an extensive scale and con- 
nected with the railroad by a spur track. This pit was visited in 
1917 by Dr. Kiimmel, from whose field notes the following observa- 
tions are taken: 

The old marl pit is now grown up with sizeable trees. The old switch is now torn 
up, but the graded cut is still available. The marl is fairly well shown on the sides. 
On the south side it lies within 1 or 2 feet of the surface and is covered with sand, 
with a line of pebbles at the base. If the marl extends to the bottom of the pit its 
thickness must be in excess of 20 feet. The excavation can be extended southward 
lor several rods and northward an equal distance without increase of thickness of 
cover. East of the railroad is a broad field of 20 to 40 acres, or perhaps more, in which 
the marl probably lies very near the surface. This is one of the best pits. It is now 
owned by the Richard Miers estate. Some marl has been dug at Homerstown within 
recent years, but none has been sold. 

Along Crosswicks Creek and in some of its branches the marl is 
exposed here and there within 1 or 2 miles of Homerstown. At 

" Datft oo file at New Jersey Geological Stnrey. 



i 
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locality 112, in a tributary opposite Lahaway Creek, the basal bed 
of the Navesink is exposed on both sides of the creek east of the 
road, and characteristic fossils, including Bdemnitella^ may be 
found in it. 

A well sunk for Charles Higgins near and southwest of the mill 
pond at Homerstown furnishes the following record, which is given 
both as reported and as here interpreted. 

Record of well of Charles Higgim^ soiUhwest of mill pond at Homentotm (locality 113). 

[EteratioQ, ao feet (above pond?); F. R. Hope, driller.] 



As reported. 



Fut. 

Oreen marl at aboat 12 

mack marl at aboat S4 

Saoond stratum of iron or something tough to pena* 

trateat 42 

Gray marl at 49 

Coarse sand at 73 



As interpreted. 



Thick- 
ness. 



I 



Feet, 
12 
22 

16 

24 
2 



Depth. 



Feet, 

12 
34 

49 

73 

75 



Formation. 



Qpa, 
Hon 



temaryC?). 



RedbankCr). 

Navesink(?). 
Mount LaurelC?). 



As above interpreted the well shows 22 feet of Homerstown marl 
beneath 12 feet of overburden. The base of the Navesink is probably 
at a depth of 73 feet. The zone between the Homerstown and 
Navesink, as exposed in the ravine at locality 114, is black, glau- 
conitic, and micaceous and might be called a black marl. 

CRZAM &mOE AVD DAVIS. 

A railroad traverses the Navesink marl between Cream Ridge and 
Davis and could supply transportation for marl or marl products, in 
case of any conmiercial development. A pit at locality 115, about 
0.46 mile east of Davis, shows the following section: 

Section at marl pit 0.45 mile east of Davis (locality 115). 

Feet. 

Fine reddish and yellowish sand 6 

Black micaceous sand with some clay pellets and greensand ; scat- 
tered large shells (GrypAoea) 10-11 
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There is a distinct iron-bearing zone between the two beds of sand, 
forming a dark line on the weathered face of the pit. This is proba- 
bly the contact between the Redbank sand and the imderlying Nave- 
sink marl, the base of which is not exposed. 



MARLBORO. 



The Navesink marl was dug in large quantities many years ago at 
Marlboro and Holmdel and along branches of Hop Brook east of 
Marlboro. There are some very large pits in this vicinity, but most 



I'RESHOLD. 
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d them are now inactive and more or less overgrown. From time to 
time small amoimts of marl are dug for local use. 

The United States Department of Agricidture has recently arranged 
for a shipment of three carloads of greensand marl from Marlboro to 
Florence, S. C; for experimental use on lands deficient in potash. 
(See pp. 113-115.) 

The following rather recent analyses of Navesink marl from the 
yicinity of Marlboro give a good idea of the phosphoric acid and 
potash content of what may perhaps be called random or run of mine 
samples: 

Analyses of samples of Navesink marl from Marlboro and vicinity. o 
[C<dlected by C. C. Engle, representing the New Jersey GeolOKical Survey.) 



Na 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



Location. 



Pit of Mr. Stryker, Marlboro 

do 

do 

Pit of Cbarles M. WyckofI, Marlboro.. 

do 

Pit of Joseph Holmes, H(^mdeL 

Pit of Mr. Myers. Marlboro 

Pit of David I. Van Deveer, Marlboro. 

Pit of D. H. Taylor, Bradevelt 

do 



PiO. 



.907 



KiO 



Percent. 


Pereeta. 


0.82 


6.06 


1.20 


5.44 


1.05 


ft. 70 


1.10 


0.S0 


.94 


0.28 


.73 


0.06 


L21 


4.24 


.04 


6.05 


.99 


4.64 


.99 


6.16 



6.613 



• Blair, A. W., The agricultural value of greensand marl: New Jersey Agr. Exper. Sta. Circ. 61, p. 12, 1916. 

At the John Van Ejrk place, at Marlboro, where 10 feet of green- 
sand containing shells is overlain by 3 to 5 feet of gravel, W. C. Phalen 
collected a sample which was analyzed at the laboratory of the 
United States Geological Survey and found to contain 4.45 per cent 
of potash.'* 

The average potash content of the Navesink marl dug near Marl- 
boro, if judged by the analyses in the above table, is 1.09 per cent 
lower than the average obtained from the borings at holes 1 to 16, as 
described above. (See also p. 104.) The phosphoric acid content of 
nearly 1 per cent would give the marl additional agricultural value. 

Marlboro and Bradevelt are on the railroad, and the country in 
their vicinity is suflBciently level to permit exploitation of considerable 
areas. The Marlboro district is thus the most favorably situated of 
the Navesink localities for commercial development. 



The Homerstown marl comes to the surface over extensive areas 
in the vicinity of fVeehold. Marl was formerly dug here but on a 
less extensive scale than at Marlboro, and there has been little recent 
digging. Recent analyses, showing the phosphoric acid and potash 



" Ashley, O. H., Notes on the greensand depotits of the United States: U. S. Geol. Survey BulL 

pp.ai,«r. 
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content of random or run of mine samples from Freehold, aie given 

in the following table: 

Analytet ofiample$ ofBdmeniown marl from pU of J. W, />o66tfu, Freehold,^ 
[CoUected by C C. Eo^ rapnsenting Um New Jersey Genlogipal Sonrey.] 



Na 


PiO». 


EflO. 


18 


0.81 
.«7 


PtrtnA, 
6i<l5 


19 


6.01 


ao 


h,\l 




Average. 








.06 


^m 














a Blair, A. W., op. dt. 

The average phosphoric acid content of the three samples from 
Freehold is slightly higher than that of the ten samples from Marl- 
boro, but the potash content is a little lower. These differences 
might disappear if a larger number of analyses were available. 

Freehold, because of its railroad facilities, is one of the most favor- 
able localities in Monmouth County for the commercial development 
of the Homerstown marl. 

XATOVTOWV. 

At Eatontown and about 3 miles to the east, at Branchport, the 
Homerstown marl is crossed by railroads, and at Branchport it is on 
tidewater at Pleasure Bay, which cuts diagonally across the marl bed. 
Parker Creek, a branch of Shrewsbury River, also tidewater, lies 
along the northwest border of the Homerstown bed. 

At locality 116, about 0.3 mile north of Eatontown, according to 
field notes of Dr. KOmmel, the Homerstown marl beneath a thin cap 
of gravel reaches an elevation of 25 to 28 feet in the road cut at the 
top of the hill and extends down 10 feet, to the level of the flood plain 
of the creek to the north, or even lower. Thus the maximum thick- 
ness of the marl near Eatontown is probably as much as 20 feet and 
may be more. 

At locality 117, half a mile south of Shrewsbury, the road cut, 
according to Dr. Kdmmers notes, shows 6 to 7 feet of marl from 26 
to 32 feet above sea level. The marl passes downward into a more or 
less indurated marly sand (Tinton) revealed only by boring. Thus 
the marl outcrop should be extended somewhat farther north than 
is shown on the map. The slope of the surface southward to the 
creek corresponds very closely with the dip of the marl bed. 

The Eastern Pota^ Corporation has acquired of Charles McCue 
the Crystal Brook farm, about 75 acres, including land between the 
road and the railroad and on both sides of the brook half a mile north 
of Eatontown. It also has provisional options on land farther east. 
The following analyses of samples collected from these properties 
have been kindly supplied by Mr. T. C. Meadows, manager of the 

rporation: 
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Analtfus o/sampU* of ffreentandfrom vicinity of EaUmtavm, 
[Axuaysts, StilweU A Gladding, New York.) 



No. 



S7490 
a748B 
2UIM5 



Sample from military pig pen from Monmouth Park, received from the American Pot- 
ash Con>ocationaJuIyao,19l8 

Oreensand "fjrom top ofknoQ beside nursery/' receivedfhun Uie American Potash Cor- 
poration July 30, 1918 

Oreensand marked " No. 7—6} overburden, 14 feet blue and green mafl," received from 
the American Potash Corporation, Aug. 15, 1918. On sample dried at 2W F 



Total 
potash 
(KK)). 



Per cent 
8.75 

8.08 

8.19 



• The Eastern Potash Corporation has taken over the rights and patents of the American Potash Corpora- 
te, in ao far as they relate to potash extraction firam greensand. 

In view of the results obtained from samples already cited in other 
parts of the marl belt these results seem high. 

A sample of fresh marl, collected at a depth of 1 foot at locality 118, 
on the property of the Eastern Potash Corporation, was analyzed at 
the laboratory of the United States Geological Survey. It contained 
7.09 per cent of potash (total KjO) , including a trace of soluble pot- 
ash. This analysis, which may serve as a check upon the others, 
shows that the Homerstown marl at Eaton town compares favorably 
with the better-grade marls elsewhere in the marl belt, but it shows 
also that the Eatontown material is perhaps not so conspicuously 
high in total potash as the analyses in the table would indicate. 

According to field notes of Dr. Kummel, the thickness of the 
Homerstown marl at Crawford Hill Gocality 119), about 8i miles 
northwest of Eatontown is about 25 feet. 

FABMnrODALX. 

The Manasquan marl was formerly dug in considerable quantity in 
the vicinity of Farmingdale, in Monmouth County, and enjoyed a 
high reputation as an agricultural marl. The pit nearly half a mile 
northeast of the town Gocality 120), now owned by D. Mahoney, is 
doubtless the lai^est. It has long been inactive and largely filled 
with water. (See PL IX, C) The following section was measured by 
Dr. Ktimmel ^ at the north end of the pit: 

Section at D. Mahoney' s marl pit^ Farmingdale. 

Feet. 

Pleistocene gravel 6 

Laminated clay with very thin seams of sand, the laminae of sand 

more numerous and thicker in upper portion ; the upper part of 

the exposure weathered to a yellow color; the lower 8 feet nearly 

black or very dark chocolate-colored ; no glauconite. Kirkwood 

(Miocene) 12 

Greensand marl composed of glauconite and very fine quartz sand ; 

when wet material is plastic and coherent; only upper portion 

shown 2-3 



21 



* gftw»inrf, H. B., fldd notes on file at New Jeney Depirtment of Conservation and Development. 
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The overburden at the north side of the pit is now 18 feet or more. 
It probably increases in that direction, but toward the northwest, 
southwest, and south probably considerable extensions of the pit could 
be made without finding much increase of overburden. 

The Squankum pits, about 3 miles south of Farmingdale, which 
formerly produced much marl, are now flooded. 

At the pits of James H. Johnson, about three-quarters of a mile 
southwest of Farmingdale (locality 121), Dr. Twitchell *• in 1912 ob- 
served the following section: 

Section at marl pits of J. JI. Joknwn, near FarminffdaU. 



Gray sandy soil 1 

Yellow sand 1 

Yellow sand and abundant gravel 1 

Chocolate-colored clay, laminated 2-3 

Li^t bluish green to olive-green marl 1 



The marl is light greenish gray ¥^on dry, piles of it resembling 
piles of ashes. In 1884 N. L. Britton visited these pits and noted the 
following section: *• 

Britton* s udion at Johnson marl pits in 1884. 



Brown sand and humus. 

Yellow drift 

Marl 



. 2 

3 

15-17 



22 

The excavations are in the ash and blue marl layers of the upper 
marl bed. 

Small thicknesses of marl are exposed along the water's edge at 
several places along the river in the vicinity of the Johnson pits. 

Several relatively recent analyses of marl samples from Farmingdale 
show something of the phosphoric acid and potash content of the 
Manasquan marl in that vicinity. 

Analyses of samples of marl from Farmingdale fl 
[Collected by C. C. Engle, repreacnting the New Jersey Geological Survey.] 



Na 



11 
12 
13 
U 
15 
16 
17 



Locality 



Pit of P. S. Perry, Farmin^ale.. . 
Pit of J. U. Johnson, Farmingdale. 



.do. 
.do. 



Pitt formerly owned bv Joseph L. Batcher, Farmingdale 

Pit of Hugh Hurley, F^armlngdale 

Pit of Squankum Marl Co., Farmingdale, now owned by Daniel Mahoney . 



Average. 



PfO, 



Per cent. 

1.12 

1.32 
.70 

LSI 
.17 
.68 

2.31 



LIS 



KfO 



Per cent. 
2.76 
3.40 
2.13 
3.72 
1.85 
LM 
4.24 



2.86 




o Blair, .V. W., The agricultural value of greensand marl: New Jersey Agr. Exper. Sta. Circ. 61, p. 
12, 1910. 

n Twitchell, M. W., field notes on file at New Jersey Department of Conservktion and Development. 
» Twitchell, M. W., Idem. 
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A Simple collected by W. C. Phalen from Daniel Mahoney's prop- 
fftr was analyzed in the laboratory of the United States Geological 
Sonrey and found to contain 3.54 per cent of potash.^ 

The thicknesses represented by Uiese samples are unknown, but in 
softf as the saxaples are representative of the Manasquan marl they 
show a lower potash content than that of either tlie Navt^ink or the 
Homerstown and thus confirm the similar findings at holes 17 to 19, 
locilities 96, 97, and 100, near Pemberton. The phosphoric acid con- 
teat of the Manasquan marl, as judged by these samples, is noteworthy 
ind is probably a considerable factor in its former agricultural 
popularity. 

The Shark River marl (Eocene) is also exposed near Farmingdale 
It locahty 122, along Manasquan River about 1 mile below the 
Johnson pits, above described. In 1912 Dr. Twitchell *^ measured 
the following section at this place: 

Gmhgic $ection an Manasquan River about 1 mile south of station at Farmingdale. 

Feet. 

Yellow Band and gravel 4-f. 

Chocolate-colored clay, more or lees weathered, with some thin 

Band seams at base 3-4 

Marl, mottled and indurated 1-f- 

Marl, mottled bluish green, with conBiderablc glauoonite and drab 

clay specks and streaks 6 

Water's edge. 

17 

Tlie miarl is fossiliferous close to and in the indurated portion. 
A grmilA-r exposure with less marl occurs at locality 123, about 0.1 
mile farther up the river. 

POPLAR AND ELBEROXr. 

Along the creek about 0.75 mile south of Poplar, in Monmouth 
County, the old marl pits at locality 124 and vicinity are much 
overgrown, but on the north side of the creek the upper part of the 
Manasquan marl is exposed with the base of the Kirkwood. Dr. 
Kummel visited this locality in 1917 but found no fresh openings. 

At locality 125, about 0.8 mile southwest of the station at Elberon, 
in Monmouth County, Dr. Twitchell foimd, in 1912, an exposure of 
Shark River marl in a gully near the bam of the Deal Golf and 
Country Club. Beneath 4 feet of yellow sand and gravel he found 
8 feet of fairly uniform mottled grayish-green marl with clay specks. 
There were old marl pits in the vicinity. 

The main body of Shark River marl Ues about 0.6 mile south of 
Elberon and occupies an area about l^ mil^ long at the coast and 

• ^^SSIiSI'm/S^^^ New Je«ey Depi^rtmeat of o,,^..tlan and Development. 
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stretches back 1 to 2 miles from the shore. This area is now largely 
a residential district with pleasure grounds. 

Two wells drilled at South Elberon near the railroad and about 
half a mile north of the Deal Beach station furnish the following com- 
bined record, which is slightly modified from KQmmel's account:^ 

Combing record of two wells at South Elberon {locality 126). 



fikuid and gravel 

Greenatnd niArl 

Qtutrtssand with some marl grains 

Quarts and lime sand with someUmerock and numerous 

shells 

Oreensand marl 

Red sand, becoming black sand at base 

Clay 

Sand 

Clay 

Sand 

More clayey sand 

Sand 



Thick- 



Depth. 



Formation. 



FeH. 


FetL 


12 


12 


78 


90 


40 


130 


70 


aoo 


100 


300 


M 


350 


10 


878 


31 


400 


35 


444 


21 


465 


7 


472 


33 


605 



Cape May (FMato- 



Vinoeni 



Da 
(HoraeretownT) 
Redbank (7). 
Navesfnk (7). 
Wenonah (7). 
Marsballtown (7). 
(Bmdiahtoim7) 

Da 



The Manasquan marl is unusually thick (78 feet) and has an 
overburden of 12 feet. The lime sand also is well developed but 
deeply buried. The top of the Homerstown lies at a depth of 200 
feet and is 100 feet thick. There is some uncertainty about the 
correlation of the beds in the lower part of the section. 

ASBXraY PARK. 

The records of several wells at Asbury Park have been studied 
by Woolman ^ and compiled into a single record, which, in simpler 
form, is presented below: 

Record of well at Asbyry Park, 
[Elevation, 10 feet. Uriah White, driller.] 



Surface sofl 

Brownish day, called rotten stone 

Ught-oolored day; resembles "ash marl" below 

Oreensand; "blue marl " of Prof. Cook 

Whitish day with Foraminifera; "aah mart" 

Clay containing considerable greensand 

Oreensand 

Clay with considerable ereensand 

Whitish clay with thinlayer of bryosoan lime sand 

Greensand with TerebrattUa And Orjfphafa 

Black sand with a little water that overflows 

Greensand with some clav on top and Orpphaea, Exogpra, 

and BelemniteUa at the bottom 

Gray sand with water 

other strata including; a w^ater-bearing stratum at 1,083 feet, 
which Ls the one utilized 



Thick- 
ness. 



Feet 



16 

64 

13 

7 

40 
20 

ao 
ao 

40 

40 

7 

93 
50 



801 



Depth. 



F^et 

10 

80 

03 

100 

140 

160 

180 

200 

240 

280 

2S7 

880 
430 



1,321 



Fonnation. 



Recent. 
[Klrkwoodf] 

[Sharic RiverT] 

[Manasquan.] 

rvinoentown.] 

[Homerstown.] 

Redbank. 

[Naveaink.] 
[Mount Laurel 
Weofloah.] 



and 



« KUmmol, 11. B., New Jersey Oed. Survey Ann. Rept. for 1904, p. 289, 1905. 
«> Wodman, Lewis, New Jersey OeoL Survey Ann. Rept for 1805, pp. 72-73, 1806 
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Here the Homerstown marl is 40 feet thick and lied 240 feet below 
the surface. The Navesink marl is reported as 93 'te'it thick. The 
Ymcentown contains only a thin layer of lime sand. The greensand 
member of the Manasquan is 20 feet thick, though the forination as a 
whole is 100 feet thick. 

OOEAH G&OVB. 

A well at Ocean Grove shows the marl beds at somewhat greater 
depths and with more variations in thickness. The following record 
is simplified from that of Woolman.^ 

Record of well at Ocean Grove. 
[ElevBtion, ^ feet Uriah White, driller.] 



fcyfifift Mods 

Broimish dftT, called rocten stone 

U|ht-oolorea day, resembUng'' ash marl" below 

FmBeenaazid.... 

Whttuh day with oooooUths and Foraminifera, the "ash 

Mrr of Prof. Cook. 
Hmker day. modi mixed with greensand; greensand layer 

stl72tol1Bfeet. 

Hvdday with greensand grains throu^ it 

Ckf witti mudi greensanoT Bryosoa, ediinoid spines, For- 

aminlfera at 361 to 264 feet. 

Grsyiah greensand, with Foraminif era 

Onensand with camminuted sheU at bottom 

Greensand; shell at 362 feet 

Gray sand; comminuted shell 

Other strata; water from layer at bottom 



Thick- 
ness. 



Feet. 

20 
55 
30 
8 
47 

48 

10 
87 

20 
16 
81 
76 
677 



Depth. 



Feei. 

20 

75 

105 

113 

160 

208 

227 
264 

284 
300 
381 
457 
1,134 



Formation. 



} 



Recent. 
[Kirkwood?] 

[Shark River?] 



[Manasqtian.] 
[Vinoentown.] 



glomerstown.] 
edbank. 
(NavesinkJ 
Mount Laurd 
Wenonah.] 



/ 



and 



Here the top of the Homerstown is at a depth of 264 feet. The 
Homerstown and Navesink together represent a thickness of 101 
feet but are separated by a greensand layer, presumably less glauco- 
niticy 16 feet thick. 

SEA GIBT. 

The New Jersey coast cuts obliquely across the strike of the Coastal 
Plain strata in this part of the State, so that a well at Sea Girt, which 
is 6 or 7 miles nearly south of Asbury Park, strikes the marl beds 
farther down their dip than wells at either Asbury Park or Ocean 
Grove. A well at the Beach House furnishes the following record, 
which is simplified from Woolman's account.** 



M Woolman, Lewis, op. dt., p. 74. 
• Idem, p. 76. 
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• jiexird of well at Beach Boum, Sea Qirt, 
[Elevfttion, 11 feet. Uriah White, drlUer.] 



■■•■ " 



Beech Ar done sand 

V^owisAclay 

YeKci«r sand and gravel 

•SoUd*Uue sandy clay 

.*. BoMd'blueclay, with streaks of sand and wood 

• .imewhitesand 

.'. \2ardrock 

•• •, Sandandshell 

•. White sand 

Brownish clay, with streaks of sand; Ugniteat 120 to 146 feet . . 

Li^t-cdorea greenish day much like ash marl below 

Black sand marl, glauconltic: blue marl of Cook 

light-creen marl, contains ForaminlteB at 286 to 800 feet; 
naroblue stones; ash marl of Cook. 

Black sand marl, glauconitic; green marl of Cook 

Light greenish-gray clays 

Gray marl: equiTalent to lime sand 

Black marl; equivalent to middle marl bed and red sand 



Sandy marl 

Sand, water bearing 



Other strata. 



Thick- 
ness. 


Depth. 


Fed, 


Feet, 


10 


10 


2 


12 


13 


25 


25 


50 


10 


60 


6 


66 


4 


70 





79 


47 


126 


109 


235 


25 


260 


15 


275 


• 70 


845 


15 


860 


40 


400 


50 


450 


99 


480 


81 


570 


50 


620 


135 


755 



Formation. 



Recent. 



Post-Pliocene or FUo- 
oene. 



[Khrkwood.] 
Vshark River?] 

{Manasquan.] 

rvinoentownf] 

[ Homerstown and Rod 

bank?) 
[Navesink.] 

Pifoiint Laurel and 
Wenonah.] 



Here the top of the Homerstown is apparently 450 feet below tlie 
surface. 

X«AKBWOOD. 



From specimens and information regarding two wells at Lakewood 
Woolman *• compiled a record which is presented below in simpler 
form. 

Record of two wells at Lakewood. 
[Elevation, 50 feet; depths, 475 and 612 feet. Uriah White, driller.) 



Yellowish sand 

Brownish sandy day 

Brownish sandy day 

Brownish sand, medium coarse 

Brownish ooarsesandy day 

Sand; confdderable (number of] grcensand grains 

LI ghtcolore d clay 

light-odored day 1 

Lif^t-oolored sandstone, some greensand, sligfatly| 
calcareous. >ashmarl 

Light-odored day, with some sand I 

Suidy day, darker j 

Qreen«ma 

Greensand 

Clay, darker than at 170 fwt, etc 

Greensand 

Greensand, with Terehratula, etc 

Greensand 

Ydlowlsh<gray sand 

Yellowish-gray sand 

other strata not represented by samples 



Depth of 
samples. 



Formation. 



Beao(m Hill (7). 
{Klrkwood.] 
[Shark River?] 



[Bianasquan.] 



WVinoentownT] 

^ ' HHomerstown andNavesink.) 

450 \[ Mount Laurel and Weno- 
460 / nah.] 
460-612 



In view of the great thickness of the Vincentown reported in the 
log of the well at Atlantic City, it seems probable that some of the 



^' 



M Woolman, Lewis, New Jersey Ged. Survey Ann. Rept. for 1896, p. 148, 1807. 
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greensand referred above to the Manasquan, which here seems iindiily 
thick, should be ascribed to the Vincentown. The top of the Homers- 
town is here at a depth of 370 feet. 



ATLAHTIO OITY. 

A deep well at Atlantic City shows the depth of the marl beds at 
the easternmost limit of the Coastal Plain, at a point about 45 miles 
from the outcrop in the direction of the dip. The well was drilled 
about 1 ,000 feet out on Young's ocean pier at the foot of Tennessee 
Avenue. The record as compiled by Woolman *'' is presented below 
in simpler form. 

Record of well at Young^s Pier, Atlantic City, 
[ ElevatloD of pier, 20 feet. Uriah White, driller.] 



Tbiir of pier to meftn tide level 

Mbui tide level to bottom of water) 

IndB, days, etc 

8Bds, days, diatom bed9,navd,creeo8aiid, etc., induding 

itTM^SBOfeet the Atlantic City 800-foot water horizon. 

GrMBsand mari 

TfiT hard, tough U^t and dark slate or ash^oolored da}*? 

vtth oooooliths ana Foraminif era. 
Tdflwish calcareous rock, soft or hard; two-thirds consists 

d nearly equa 1 mixture of greensand and quartz; the 

dbrr third is carbonate of lime, the cementing material; 

Qootains Foraminifera. 

(Bueonitic greensand marl 

Qsy mixed with a little greensand 

btoatedaah-colored clay, "hard almost as rock" 

GboeoDitic greensand marl similar to that at 1,900 to 1,940 

feet. 
Bbdc or dark micaceous sandy days 



Thick- 
ness. 



FeH. 
20 

237 
943± 

25 
200 

460 



40 
70 
00 
80 

156 



Depth. 



Feet. 

20 

35 

272 

1,215 

1,240 
1,440 

1,900 



1,940 
2,010 
2,070 
2,150 

2,306 



Aiee or formation. 



Posl-Mlooenp, 
Tcntativdy Miocene. 

[Shark River?] 

[Probably Manas- 
quon.) 

[Probably Vincen- 
town.] 



Probably Homers- 
town and Navesink.] 



[Mount Laurel and 
Wenonah?] 



The top of the Homerstown marl is here apparently at a depth of 
1,900 feet. Two beds of greensand, 40 and 80 feet thick, are sepa- 
rated by 130 feet of clay. The thickness of the overlying Vincentown 
sand, 460 feet, is the maximum recorded thickness for that formation, 
which is not, however, so calcareous here as in Salem and Burling- 
ton counties. 

SUKMABY OF FIELD DATA AKD ESTIMATES. 

At Sewell three greensand beds of commercial quality and thick- 
ness have been recognized, which with some variations are generally 
distinguishable throughout the region where borings were made. 
These are gray or bank marl, green marl, and chocolate marl. The 
fdlowing table gives the range in thickness and quality of these 
three beds at the five localities explored. 

' Wodnaa* Ii0wi8, New Jerwy Qeol. Survey Ann. Kept for 1901, pp. 110-114, 1902. 
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Thickness and potash (intent of commercial beds of preen$and at five localities in Salon, 

Oloucester, Camden, and BtmnffUm eounties. 





Gray marl. 


Qreen marl. 


Chocolate mail. 


Locality . 


Thick- 
ness. 


IZiO. 


Thick- 
ness. 


KfO. 


Thick- 
nass. 


KsO. 


Salem 


Ft, in. 
12 4 
12 


Percent. 
6.10 

A. 12 


Ft. in, 


11 7 
10 10 

1 

12 11 


Pereeni. 
7.10 
7.58 
7.52 
7.85 
7.2B 


Ft. in. 
• 2 
8 
15 5 

18 
28 2 


Pereent. 
•7.2B 


Woodstown 


6.60 


Sewell 


8 4 j 6.00 


&00 


POOM^rvlale 


6.32 


Rlmvood Road 


0**7*1 6.'6i" 


6.S 








10 7 6 6.11 


10 8 


»7.ao 


14 6 


k6.20 



a Not characteristic chocolate marl; may belong with overljring bed. 

b Average weighted according to the thicknetnieB of the beds at their respective localities. 

The middle bed or green marl is distinctly richer in potash than 
the other beds, but probably all contain sufficient potash to be 
considered workable by any process that could utilize the richest bed. 

The following table gives a summary for the five districts enumer- 
ated of the data regarding the thickness of the marl as a whole and 
of the amount and value of the contained potash: 

Summary of thickness of the Homerstonm and Naresink marls and of estimates of anunmt 
and ralut of the contained potash for five districts ranging norikeaHward from SiUem 
County, into Burlington Cfounly. 





1 


2 


1 1 
3 4 r> 6 

1 


7 


8 


District. 


Num- 
ber of 
holes 
(in 
dudes 
wells 
cited). 


Aver- 
age 
thick- 
ness. 


Num- 
ber of 
Survey 
borings. 


Aver- 

tl^- 

nessat 

Survey 

borings. 


Aver- 
age 
content 
ofKjO. 


Esti- 
mated 
content 
of pot- 
ash per 
acre in 
2.5-acre 

tract. 


Value of potash 

per ton of 

greansand.* 


Vahieofpotadi 

per acre of 

ground.* 




At $2.50 

per 

unit. 


At $1.50 

per 

unit. 


At $2.50 

per 

unit. 


At$lJO 

per 

unit. 


Salem 


9 
12 
44 

11 
20 


Fed. 
30 
37 
38 
41 
49 


2 
3 
3 
3 
2 


Fed. 
20 
32 
34 
26 
50 


Per 
cent. 
6.62 
6.80 
6.50 
6.66 
6.50 


Tone. 
3,800 
6,300 
6,400 
5,200 
9,400 


$13.24 
13.60 
13.00 
13.32 
13.00 


$7.94 
8.10 
7.80 
7.90 
7.80 


$760,000 
1,200^000 
1,280,000 
1,040,000 
1,880,000 


$456,000 

756,000 

768,000 

624,000 

1,128,000 


Woodstown 

Sewell 


Somerdale 

Marlton 


Total or 
average . 


1 
96 40 


13 


32 


6.60 


6,790 


13.23 


7.04 


1,858,600 


812,100 




« The values Kivon m columns 7 and S have no relation to the present value of the land, for they are da- 
pendent upon the Micx^ssful cxtrEtction of the potash by processes of which the success and the cost oC 
installation and operation have not yet been commercially aemaostrated. 

In column 1 of the above table are included all wells and borings 
from which measurements were obtained in these five districts. 
Of the 44 listed imder Sewell, 25, made by the West Jersey Marl 
& Transportation Co. (see p. 51) stopped at the chocolate marl. 
The record of these holes was supplemented by adding to the average 
thickness of the bank and green marls the average thickness of the 
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chocolate marl as determined at holes 8 to 10. The resulting average 
compares very well with the averages for the adjacent districts. 

In column 2 the final average is weighted according to the number 
of holes and the average thickness at the respective localities. 

In column 3 only Survey borings which entered the Homerstown 
and Navesink marls are included. 

In column 4 the final average is weighted according to the number 
of holes and the average thickness at the respective localities. 

In columns 5 and 6 the final averages are weighted according to 
the average thickness and potash content of the marl at the respec- 
tive localities. 

In column 7 the final averages are not weighted. 

In column 8 the final averages are weighted according to the esti- 
mated tonnage per acre at the respective localities. 

In the region from Medford to Birmingham and Pemberton seven 
wellsy which show an average thickness of about 45 feet for the com- 
bined Homerstown and Navesink marls, indicate the northeastward 
continuation of the marl in commercial thickness beyond the region 
explored by Survey borings. 

At Jobstown 56 feet of marl probably referable to the Homerstown 
ind Navesink is reported. The records of three wells at Wrights- 
town and New Egypt show great thicknesses of marl, parts of which 
are probably referable to the Manasquan or Vincentown. They 
suggest, however, the northeastward continuation of a great body 
of the Navesink and Homerstown marls. 

Northeast of Sykesville the two beds are separated by the Redbank 
Band. At Homerstown a well penetrated 22 feet of green marl and 
24 feet of gray marl, probably assignable respectively to the Homers- 
town and Navesink. Between these beds lies 15 feet of more or 
kas marly material thought to represent the Redbank. Near 
Eatontown and at Crawford HiU (locality 119) measurements by 
Dr. KtUnmel indicate a thickness of 20 to 25 feet of Homerstown 
marl. Thus it appears that in the r^on where the Homerstown 
and Navesink marls are distinct they tend to maintain thicknesses 
which if combined would equal or exceed their combined thickness 
southwest of Sykesville. Each of these beds is present in commercial 
thickness in Monmouth County. 

In Monmouth County the Cream Ridge and Marlboro districts 
probably afford the most favorable conditions for conunercial develop- 
ment of the Navesink marl, and the Homerstown, Freehold, and 
Eatontown districts are probably best for the exploitation of the 
Homerstown nuurL 

Comparatively few analyses and no complete measurements of 
thickness of the Manasquan marl are available, but the data at 

88025^—22 8 
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hand for localities where it is accessible suggest that the more glau- 
conitic portions of the marl are thinner and contain from 2 to 4 per 
cent less potash than the averages for the combined Navesink and 
Ilomerstown given in the above table. It is thus probably unsuited 
for the commercial extraction of potash, but there is no apparent 
reason why it might not again find favor for direct application as a 
fertilizer to soils-deficient in potash or phosphoric acid. 

GENERAL ESTIMATES FOR ENTIRE MARIi BEIiT. 

Washington ^ estimates that the greensand beds in New Jersey 
contain 2,034,000,000 metric tons, equivalent to about 2,243,114,000 
short tons of potash. This estimate is based on the assumption of a 
bed of greensand 6 meters (about 20 feet) thick, containing 6 per 
cent of potash (K,0), and occupying a belt 160 kilometers (99.4 
miles) long and 16 kilometers (9.9 miles) wide. These assumptions 
appear to be fully justified, except, perhaps, that for the width of the 
belt. The marl doubtless underlies all that portion of the State 
southeast of the line of its outcrop and contains potash throughout 
its breadth, a much wider area tlian the 16-kilometer strip. Most 
of the deposit, however, is inaccessible because of the overburden, 
which, on account of the geologic structure, increases toward the 
southeast. In Monmouth County, as previously shown, the part of 
the marl accessible by open-pit mining occupies an area 10 miles or 
more wide, though much of this area is also underlain by the Redbank 
sand. Farther southwest the similarly accessible portion of the belt 
is much narrower. 

In Monmouth County the Navesink and Homerstown marls are 
distinct, but for purposes of computation they may be considered 
together as if occupying a single belt, as they do farther southwest. 

The average of 25 measurements, at intervals of 4 miles, across 
the marl belt as mapped is 2.1 miles. From the table on page 104, 
an average thickness of 40 feet may be assumed for the combined beds 
and a potash content of 6.6 per cent. The accessible portion of 
the greensand mass may thus be considered as a triangular prism 
100 miles long, 2.1 miles wide, and 40 feet thick along its southeast 
border but wedging out along its northwest border. The total potash 
content of such a prism would be approximately 513,905,000 short 
tons. Of this quantity part has been removed by stream erosion 
and part is doubtless so deeply covered by Quaternary deposits that 
it may not be considered accessible. Thus if one-half is deducted, 
there remains about 256,953,000 short tons of potash that could be 
mined by open pits. This figure is probably conservative. 

« Washington, H. 8., Italian leudte lavas as a source of potash: Met. and Chem. Eng., vol. 18, p. 71, 19U. 
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The average annual importation of potash (K3O) for the five years 
immediately preceding the war, including 1914, was 257,143 short 
tons. At this rate the New Jersey greensand deposit would furnish 
enough potash to supply the needs of the United States for neariy 
1,000 years, if only the material obtainable by open-pit methods 
were used. 

Should it ever become practicable to use undergroimd methods 
(rf miTiing the available quantity of potash would be enormously 
increased. Wells southeast of the marl belt and along the shore 
indicate a thickening of the greensand belts in the direction of the 
dip. There are, however, no data about the maintenance or change 
of quality in that direction. The maximum recorded depth of the 
top of the Homerstown appears to be 1,900 feet in the well at 
Atlantic City. 

SUMMARY FOR UME SAND. 

The lime sand in probable commercial thickness is exposed or has 
been recognized in wells as far north as Wrightstown. Northeast- 
ward from this place the Vincentown sand becomes predominantly 
quartzose. The Ume sand is reported as 25 feet thick in Salem 
County, but at the weU of the Salem Water Co., at Quinton, it is 108 
feet thick, and at Atlantic City 460 feet thick. In the well of William 
J. Irick, near Vincentown, it is 31 feet thick, and at "Woodstown it is 
10 feet or more thick. The maximmn reported content of carbonate 
of lime b 84.7 per cent in a sample from Mannington Township, 
Salem County, but the average of three samples from that township 
gave only 66 per cent; 80 per cent material is reported from locality 61, 
west of dementon, Camden County. No systematic measurements 
or samples of the lime sand are available. Ordinarily it has con- 
siderable overburden and lies a mile or more from available sites 
for greensand exploitation. 

COMMERCIAL DEVELOPMENT. 

Although smaU amounts of potash have been manufactured from 
New Jersey greensand and marketed, there has been as yet no 
laige-scale commercial operation or production. In 1916 the 
Waverly Chemical Co., of Camden, N. J., under the direction of 
Samuel Peacock, was regularly producing from greensand dug near 
Sewell a small output of hydrated carbonate of potash for the cut- 
glass industry .*• No further production by this company has been 
reported to the Geological Survey. 

In the same year "^ the Kaolin Products Corporation was operating 
a plant at Jones Point, N. Y., on Hudson River about 40 miles 

• G«ie, H. 8^ Potash In 1916: U. S. Qeol. Survey Mineral Resources, 1916, pt. 2, p. 130, 1917. 
-OaleiH. 8.,oi>.clt. 
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above New York City. The plant was designed to produce 1 ton 
of potash a day hot was only experimental and not intended for com- 
mercial production. The process as at present developed is described 
below in the account of the Ektstem Potash Corporation. In 1917 
the company, having changed its name to the American Potash 
Corporation, continued experimental operations at Jones Point '^ 
and claimed to have solved the difficulties of extracting potash on 
a commercial scale from the greensand of New Jersey. Among 
the proposed by-products were "agricultural lime/' brick, tile, and 
artificial stone. No production of potash was reported by the com- 
pany during the year. 

The Eastern Potash Corporaticm was subsequently organized to 
take over the rights and property of the American Potash Corpora- 
tion in so far as they related to the production of potash and by- 
products from greensand. This corporation, with offices in New 
York, continued the experimental work at the Jones Point plant 
and produced and marketed in 1918 a small quantity of high-grade 
caustic potash. The company now has under construction near 
New Brunswick, N. J., a plant designed to treat 1,000 tons of green- 
sand per day. According to a recently published statement " the 
process which this company claims to have demonstrated com- 
mercially consists in grinding the greensand in ball mills to 200 
mesh, and then digesting the material with milk of lime in an auto- 
clave or a special type of continuous digestor for 30 to 60 minutes 
with steam at a pressure of 200 pounds. The lime (CaO) should 
equal the weight of the greensand. The digested material is filtered 
twice, and a solution containing about 80 per cent of the potash in 
the charge is -evaporated in a multiple-type evaporator from an 
original strength of about 2 per cent of potash to about 45 per cent. 

This solution can be further concentrated to produce the ordinaiy 
90 per cent solid caustic potash.^^ The excess steam from the diges- 
tion and other sources of waste heat from the plant will be utilized 
for evaporation. For the manufacture of tile or brick the residue is 
mixed with sand. The hydrous calciiun silicate and excess lime 
hydrate serve as binders, and the product is hardened by steam. 

The Atlantic Potash Co. (Inc.)," with offices in New York, was 
organized early in 1917 to produce potash from greensand by a 
process invented by G. F. von Kolnitz. It has mined a considerable 
amount of greensand at its pits near Marlton, in Burlington County, 

" Gale, H. S., and Hicks, W. B., Potash In 1917: U. 8. Geol. Survey Mineral Resources, 1917, pt. 2, p. 440. 
1918. 

u Wells, A. £., The poUsh industry of the United States and its possibilities for ftttore production: 
Bur. Mines Minerals Inv., preliminary report, pp. 15-16, August, 1919. 

M* Shreve, K. M., Potash recovery in New Jersey: Chem. Age, May, 1930. Bee also later publica- 
tions by same author: Action of lime on greensand: Jour. Ind. and Eng. Chem.,ToL IS, pp. O0I-4I9Q, 
August, 1921; Greensand as a source of potash: Chem. and Met. Eng.,voL25,p. lOBO, Deeember 7,198L 

u Gale, H. 8., and Uicks, W. B., op. cit. 
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N. J. (see Pis. II and VIII, A), and has marketed a small quantity 
of high-grade potash extracted therefrom in its experimental plant 
at Stockertown, Pa. The process consists in preheating the green- 
sand to 350^ C, mixing it with calcium chloride, passing the mixture 
through a furnace at about 850^ C, leaching the product, and finally 
obtaining potassium chloride by evaporation and crystallization. 
The company had suspended operations by the fall of 1918 but was 
planning to erect a plant on its ground near Marlton. No further 
progress has been reported to the Survey. 

The large-scale experiments of F. Tschimer at Yorktown ^ in 1917 
led to the establishment of the R. S. Ryan Co.'s plant at Reeves 
station (PL IX, D), 2 miles north of Medford, in Burlington Coimty, 
where the company had acquired ground. The plant, which is 
regarded as only for commercial experiment, handles about 50 tons 
of greensand and produces from 2 to 3 tons of potassium chloride 
(KCl) per day. The process consists in grinding greensand and 
lime sand| taken from the company's pits near the plant, mixing 
these with salt, and heating the mixture in a rotary kiln. The 
clinker is leached in water, and the potassium and sodium chlorides 
are removed by evaporation and crystallization. Most of the 
sodium chloride is recovered and used over again. Potassium 
chloride, running 88 to 90 per cent, with a little potasslium sulphate, 
is produced. By March, 1919, the company had sufficiently over- 
come initial difficulties to start commercial operation. In September 
of the same year the plant was reported closed. The figures /or 
production are not available. 

In the fall of 1918 the newly organized Reduction & Concentration 
Corporation acquired a factory building and groimds at Gloucester, 
N. J., for rendering soluble the potash in greensand and making 
complete fertilizer in which was to be incorporated the treated 
greensand. Preliminary arrangements were made for utilizing 
greensand from properties of the Norcross & Edmunds Co. at Bir- 
mingham and of the West Jersey Marl & Transportation Co. at 
Sewell. Installation of machinery and experimental work were 
said to be in progress from January to March, 1919, when the writer 
was in the vicinity, but no information as to the process was divulged, 
and no opportunity was afforded to view the operations. No 
production and no further activity of the corporation have been 
reported to the Survey. 

In 1918 the Coplay Cement Manufacturing Co., of Coplay, Pa., 
which had recently installed a Cottrell dust-coUecting system and 
equipment for the extraction of potash from flue dusts, experimented 
with greensand from Birmingham, N. J., as a constituent of its 
cement mixture to see if the amount of potash recoverable from 

>• Oito, H. 8., mnd BkkM, W.B., op. dt. 
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these dusts could be increased. The company's usual mixture con- 
tained about 1 per cent of potash. The greensand employed con- 
tained about 7 per cent of potash, so that its use in the proportions 
selected for the experiments would nearly double the amount of 
potash available for volatilization. The experiments showed that 
the potash was largely volatilized, and that the cement, though 
darker colored on account of the iron in the greensand, was salable 
under the market conditions then existing. The company next 
acquired greensand deposits near Kirkwood, in Camden County 
locality 60, PL II) , and began conmiercial utilization of the green- 
sand. After a few runs, but not from any difficulty arising from 
the use of greensand, it became necessary to shut down the dust- 
collecting units of the plant. These were still inactive in October, 
1919, but resumption of activity was expected if the potash market 
seemed favorable. 

A number of other processes for the extraction of potash from 
greensand have been devised and most of them patented. None 
of these processes, however, has reached so advanced a stage of 
large-scale experimentation as those above described." 

OUTIiOOK. 

The development of a potash industry based on the New Jersey 
greensands depends on the ability of the manufacturers to compete 
not only with foreign producers but also with American producers. 

According to Hicks ^" the prices of German potash salts delivered 
before the war under special contracts for large quantities direct from 
the source of production to Gulf and Atlantic ports were as follows: 

Wholesale prices per short ton of potash salts c. i. /. Atlantie ports, 1911-2924,<^ 



Potash salt. 



Sulphate 

Muriate 

Manure salts. 

Hartsalz 

Kalnite 



Approxi- 
inatepw- 

oentage 
of potash 

(KtO). 



4K.6 

5ao 
2ao 

1ft. 
12.4 



1911-1913 



1014 b 



list 
price. 



Dis- 
count. « 



94ft. 30 

38.05 

13.80 

10.05 

8.25 



10.95 
5.71 
2.00 
1.A5 
1.28 



Net 
price. 



t30.35 

32.34 

11.24 

9.00 

0.97 



List 
price. 



•47.58 

39.07 

13.58 

ia87 

8.3ft 



Dis- 
count.e 



S7.14 
5.80 
2.10 
1.08 
1.30 



Net 
price. 



t4a43 

33.21 

11.48 

9.19 

7.0ft 



Approxi- 
mate net 
price per 
unit of 
potash 

(20 
pounds 
of KtO). 



lass 

.06 
.67 
.57 
.57 



• Federal Trade Commission report on the fertUinr industry, 1910, p. 155. 

b These prices, which were for January to June. 1914, were inareosed sUii^tjty during the later part of the 
year. See Oil, Paint, and Drug Reporter, vol. 85, p. 50, 1914. 

c 15 per cent discount on sulphate and muriate and 15| per cent on 20 per cent manure salts, hartsalx, aud 
kainite. 



K See Qale, H. S., Potash in 1010: U. S. Ueol. Survey Mineral Resources, 191ft, pt. 2, pp. 12ft-129, 1917. 
Qale, H. 8., and Hicks, W. B., Potash in 1917: U. S. Qeol. Survey Mineral Resources, 1917, pt. 2, pp. 440, 
442-440, 1918; also Hicks, W. B., Potash in 1918: U. 8. Oeol. Survey Mineral Reaooieet, 1918, pt. 2, pp. 
385-445, 1920. Each of these papers contains a list of patents and a hibUography. 

•• Hicks, W. B., op. dt., pp. 398-401. 
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As will be obaerved from the table, net prices to lai^ importen varied from 57 
cents per unit (20 pounds of Kfi) for the lowest-grade product to 83 cents for sulphate. 
The list prices, which are generally shown in market quotations in the United States, 
correspond to 67 cents per unit for the low-grade material and 98 cents for sulphate. 
Ocean freig}it rates to the United States on these salts in bulk from Hamburg averaged 
about $2 per metric ton to northern ports and $2.60 to $2.90 to southom ports. 

After the embargo of January 30, 1916, placed on the exportation of potaiah salts from 
Germany, the prices of these salts rose rapidly. Early in 1915, market quotations on 
80 pes cent muriate were around 1115 a ton and gradually rase to $500 a ton in Decem- 
ber. The quotations in 1916 varied from $300 to $490 a ton, in 1917 from $325 to $450 
a ton, and in 1918 from $260 to $350 a ixm. These quotations are not indicative of the 
actual selling price of potash materials, as only limited quantities of muriate were on 
the market and muriate was at a premium because of its use as a raw material in the 
manufacture of various refined potassium salts. The actual selling price in the eastern 
markets of the domestic output was about $4.87 per unit in 1916, $4.79 in 1917, and 
$4.61 in 1918. These data are shown in the following table. 

Wholesale price of potash in the United States, 1915-1918. 



Tmt. 


If arlcrt quotatioiu of 80 per cent mnrlate.* 


Approximate aver- 
age seUingprice 
perunitoflCtOof 
oomestio ou^at. 


Per short ton of salt. 


Per unit of KsO. 


F. o. h. 
plant. 


Eastern 




High. 


haw. 


ATersge. 


High. 


Low. 


ATersge. 


markets. 


1915 


tsoo 

490 
460 
350 


$115 
300 
325 
280 


415 


naoo 
Also 


12.30 
A.00 
&50 
5.20 


•190 
8.30 
7.<K) 
A.30 


•3.14 
4.37 
4.20 
4.11 


13.64 


1916 


4.87 


1017 


3A0 fliOO 


4.79 


1818 


316 


7.00 


4.61 











a Quotations for 1915 and 1916 taken tram Jour. Ind. and Eng. Chemistry and for 1917 and 1918 fhim Ofl, 
Paint, and Drug Reporter. 

'Ulien the armistice was signed in November, 1918, only a few large producers in the 
United States had made their original investments out of the potash industry, many 
plants had been operated only a short time, and others were under construction. 
About one-third of the potash produced in 1918 was still in the hands of producers, 
money for operating expenses had been advanced on the jMtash held in storage, and 
developments had gone forward under the prevailing price of $4 to $5 per unit of potash. 
Anticipation that low-priced potash from foreign sources would be available followed 
the armistice agreement, checked sales of domestic potash, and caused the price to fall 
to about $2.50 per unit — a price lower than the cost of production of many producers. 
These conditions caused a crisis in the potash industry, and producers began to close 
their plants. By the early part of 1919 nearly all producers had shut down and some 
had gone out of business. 

The cost of production of American salts is summarized by GaJe 
and Hicks '^ as follows: 

Available data on the cost of producing potash from the various American sources 
are very meager, but if the following estimates of cost production are correct they 
indicate that undoubtedly some of the large developments will survive. Condra gives 
the cost of producing potash in the alkali-lake region of Nebraska as between $20 
and $44 a short ton, or an average of $30 a short ton of crude salts. This cdresponds 
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to an average of about $120 a ton of potadi (K,0). The condituniB aa regaHa labor, 
fuel, and mippliee in this region are very difficult, and the coat Bhoald be conaiderably 
reduced if such conditions are improved. It has been stated that sulpliate of potadi 
can be produced from alunite at Marysvale, Utah, at appr orim atdy $20 a tcm (equiv- 
alent to about $40 a ton of K^O), and that if an aerial tramway were instiilled the 
cost would be reduced 60 per cent. F6rter estimates that tiie p r o a on t cost of pro- 
duction, exclusive of royalty, depreciation, and similar items, by tiie Security Cement 
A lime Co., Hagerstown, Md., is about $30 a ton of pure potnh (K,0) packed on 
board cars, and that under normal conditions the price might be reduced 60 per cent. 
Treanor, from his experiences as manager of the Rivenide P^xtland Cement Co., 
thinks the cost of saving potash from flue dust may run $100 a ton of K^O for the first 
month, may average $40 a ton of Kfi the first year, and that it may ultimatdy be 
reduced to less than $20 a ton of K,0. 

Estimates of the cost of American production thus run from $20 
to $120 a ton of K^O or from $0.20 to $1.20 per unit. 

Wells ^ in describing the plant of the Eastern Potash Corpora- 
tion estimates that the cost of producing caustic potash in a plant 
with a capacity of 1,000 tons of greensand per day, including interest 
and general plant depreciation, may reasonably be as much as $1.50 
per unit of K^O. Such a plant would produce about 45 to 50 tons 
of KjO as caustic potash and wotdd turn out about 2,000,000 brick 
per day. It should, however, be borne in mind that the cost of 
raw material for the brick is greater than that for ordinary brick 
and that the by-product brick, to find a suitable market, must 
possess some special attractiveness such as color, endiu^ance, or 
adaptability to particular uses. With the requirement of a special- 
ized market the disposal of so much brick might prove a problem in 
itself. 

It is doubtful if companies making potash their only product in 
the treatment of greensand can do so for less than the $1.50 per 
imit estimated for the Eastern Potash Corporation. 

The experience of Treanor, cited above, appears to indicate that 
after the installation of a dust-coUecting and potash-refining system 
in a cement plant potash may be recovered from the dust rather 
cheaply. Wells," however, thinks that the cost of the high-grade 
product, allowing for royalties, selling costs, and storage charges, 
would be nearly $1.80 per unit. 

If these figures are at all accurate it is evident that the cost of 
producing potash from greensand, even in conjimction with cement 
manufacture, is greater than that of producing it from alunite 
and some of the western brines. The greensand product has the 
advantages of proximity to market and of low freight cost. 

In view of the present distiu*bed state of industrial conditions in 
Germany and of the heavy war taxes it seems certain that the cost 

» Wells, A. E., The potash industry of the United States and its posstbOities for fatara production: 
Bar. Mines Minerals Inv., preliminary report, p. 16, Aacust, 1919l 
w Idem, p. 7. 
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of Qennan potash will hereafter greatly exceed and perhaps be as 
much as double pre-war prices. On the other hand, there is the 
possibility that in the United States the cost of labor and fuel may 
bave reached its peak and that with the resumption of industries 
intermpted by the war and with increased production these costs 
may decline. 

The American potash industry thus bids fair to be on a nearly 
even basis with foreign potash industries. Whether or not green- 
sand may have a place in the American potash industry will depend 
OQ how well the greensand operators may be able to compete with 
wastem producers. 

AVAIIiABIOTT OP POTASH IN GREENSAND, 

The scarcity of potash and the high prices of fertilizers during 
the war led many farmers to think again of greensand as a source of 
fertilizer. Although accounts of its use in the early reports were 
hi^y favorable, the results of more recent local applications were 
eontradictoryy and the writer received many inquiries about the 
availability of the potash in greensand. 

From the standpoint of the fertilizer manufacturer the potash is 
not considered available because of its slight solubility in water. 
Recent experiments conducted by True and Geise, of the Bureau of 
Plant Industry, United States Department of Agriculture, show 
that plants in their early growing stages will assimilate potash from 
greensand as effectively as from the usual soluble commercial potassium 
salts. These authors •• used two sets of carefully controlled pot cul- 
tures of wheat and red clover with nutrient solutions. In one set the 
potash was supplied by the usual conmiercial salts; in the other set 
potash was supplied by greensand in proportions such as those 
formerly employed in agricultural practice* all other sources of 
potash being excluded. They reached the following conclusions: 

It haa been shown by pot experiment carried out with crushed quartz and Shive's 
ealture aolution as a baaia that greensands and greensand marls from Virginia and New 
Jefwy are able to supply sufficient potassium to satisfy the demand of Turkey Red 
wheat and red clover during the first two months of their gro^ih . This enables them 
to make a greater dry weight of tops than was seen in similar cultures in which the 
poCaasiuin demand was supplied by potassium chlorid, potassium sulphate, and 
poUssiuin phosphate. The prompt availability of sufficient potassium to moot tho 
needs of many , perhaps most, fium crops seems to be indicated. 

It is reported that the New Jersey Agricultural Experiment Station 
has been working on the same problem and has reached similar 
eondusions. 

In a letter to the Director of the United States Geological Survey 
Dr. True points out that land which already has a sufficient supply 

*Tniey R. B., •nd QtAat, F. W., Experiments on the TBlae of greensaxid as a source of potassium for 
Vtat eultim: Jour. Agr. Beeeaicfa, tqL 15, pp. 48M02| Dec .2, 1918. 
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of potash and the other ingredients supplied by greensand marl will 
not be benefited by application of it. This may accomit in some 
measure for the contradictory nature of the reported results of its 
use. Dr. True further states that arrangements have been made 
for the shipment of three carloads of greensand from deposits near 
Marlboro, N. J., to the vicinity of Florence, S. C, where it is to be 
applied to fields known to be deficient in potash. Restdts of interest 
and value are to be expected from these experiments. 

More recent experiments along a somewhat different line have 
been carried out by McCall and Smith, of the Maryland Agricultural 
Experiment Station. These authors *^ composted greensand with 
sulphur, soil, and manure in varying proportions, taking samples 
from time to time, extracting these samples with distilled water, and 
analyzing the water extracts for their acidity and their sulphate 
and potassium content. Two types of greensand were used, one 
from Sewcll, N. J., containing 5.88 per cent of potassium (K), and 
the other from Crownsville, Md., containing 1.42 per cent of potas- 
sium. Each compost had as a basis 1,500 grams of greensand^ 
500 grams of commercial fiowers of sulphur, and 0, 250, or 500 grams 
of partly rotted yard manure, aid-dried and ground fine. In some 
of the tests Collington sandy loam and precipitated calcium carbonate 
were used, also small percentages of the sulphates of iron and alumina. 
The following results were obtained : 

1. In composts consistmg of greensand, mannre, and soil in different proportions 
an appreciable amount of the potassium was made water-soluble through sulphofi- 
cation. 

2. The composts containing the largest proportion of manure developed the highest 
degree of acidity, oxidized the greatest amount of sulphur, and produced the largest 
quantity of water-soluble potassium. 

3. The compostH in which soil was substituted for a part of the manure devdoped 
lessacidity, oxidized lesssulphur, and produced asmaller amount of soluble potaadum. 

4. When all the manure was replaced by soil, the rate of sulphofication was so 
slow that at the end of 23 weeks only a very small amount of acidity had developed 
and very little potassium had been made soluble. 

5. When no organic matter was added the amounts of acidity and of soluble sul- 
phates were no greater than might be accounted for by natural oxidation of the 
sulphur. 

6. The addition of small amounts of ferrous and aluminum sulphates failed to 
stimulate sulphofication. 

7. Calcium carbonate added to the sulphur-manure-soil compost produced a stimu- 
lating elTect during the early part of the period but failed to increase the acidity, 
soluble sulphates, or potassium above the maximum reached by the oorresponding 
composts in which no calcium carbonate was used. 

8. More water-soluble potassium was formed in composts containing the high- 
potassium greensand, but a larger per cent of the total potassiiun present was liberated 
in the composts containing the low-potassium greensand. 

■ KoCaU, A. G., and Smith, A. M., Effect of mannre-sulphor composts upon the aTillabiUty of tbe 
uin of greensand: Jour. Agr. Research, voL 19, pp. 239-256, June* 102(1 




£ARLIEB VIEWS ON AGMCULTURAL VALUE. 115 

9. In the coznpoflts containing manure the total amounts of potassium recovered in 
the water extracts varied from 9.1 per cent to a maximum of 41.3 per cent of the total 
initial amoiint present. 

10. Our results indicate that the composting of greensand or of soil rich in potassium 
with sulphur and manure may prove to be a practical and efficient method for obtain- 
ing available potassium from comparatively insoluble materials. 

In the opinion of the writer part of the benefit derived from the 
use of marl may be the result of an improved texture produced by 
the mechanical mixture of the greensand with the soil. For example, 
a mass of cla3''ey greensand applied and worked into a light sandy soil 
would produce a more loamy texture besides furnishing potash. On 
the other hand, similar greensand applied to a stiff clayey soil would 
tend to emphasize the heaviness of such a soil and might be injurious. 

HARLTER VIEWS ON AORICHLTURAIi VAIiUE. 

Little was known in the earlier da}rs about potash in greensand 
marl and its part in the beneficial action of the marl upon crops. On 
the other hand, the importance of the phosphoric acid and lime as 
beneficial constituents was strongly urged. For those interested in 
reverting to the use of marl as a fertilizer it may be well to repeat the 
conclusions drawn years ago by Cook:^ 

1. That the most valuable marls and those which will best pay the cost of long 
transportation are those which contain the largest percentage of phosphoric add. 

2 . That the most durable marls are those containing carbonate of lime, the more the 
better. 

3. That greonsands amtaining but little of either phosphoric acid or carbonate of 
lime become active fertilizers when a)mpo8ted with quicklime. 

4 . That marls which are acid and burning from ccmtaining sulphate of iron can be 
rendered mild in properties and useful as fertilizers by composting with lime. 

5. That cropa particularly improved by it are all forage crops, grass, clover, etc.: 
for these tlie green marl may be spread upon the surface to the amount of from 100 to 
400 bushels per acre. The crop is generally doubled and in some cases quadrupled by 
this application. Other marls must be used in larger quantities, but will produce 
good results. 

Potatoes : For this crop marl seems to be a specific. Tt does not materially increase 
the growth of the vines, and the yield is not much greater, but the potatoes are 
smoother and fairer in the skin and dryer and of better quality when boiled. The 
marl is put on the potatoes in the hill at planting; if not acid, it is thrown directly on 
the tuber; if acid, the potato is first covered by earth and the marl thrown on or 
beside that. From 5 to 30 tons may be used on an acre. 

Buckwheat: Most remarkable effects upon this crop are produced by marl. Two 
and one-half tons, or 50 bushels to the acre, spread on after sowing, have caused an 
equal amount of buckwheat to grow on land which otherwise was not worth cultivat ing. 

Wheat, r\''e, oats, and corn are improved by the use of marl, though not with the 
striking results seen on the crops before mentioned. It is applied as a top dressing 
on the prepared ground, is spread on the surface before plowing, is worked in the hill 
or drill, or is composted with barnyard manure and spread on the ground according 

•= Cook, O. II., Geology of New Jersey, pp. 452-453, 1868. 
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to the farmer's judgment. From 5 to 30 tona and even more may be need upon an 
acre. 

With any kind of garden or field crop it may be used and will be beneficial both to 
the crop and soil . 1 1 is free from the seeds of weeds, is dry and convenient to handle — 
all of which recommend it to any snug farmer. 

MECHANICAL ANALYSES OF GREENSAND. 
NATUKE OF INVEflmOATION. 

In the course of drilling variations were observed in the texture of 
the mari and in the relative proportions of the different constituents. 
Quartz was present in all the samples in greater or less amounts and 
served as an adulterant, lowering the potash content. The claylike 
constituents, however, consisted in part at least, of finely di\ided 
glauconitic material, so that their presence might or might not mean 
a reduced potash content. In order to study the different constitu- 
ents of the marl and their relative proportions in the principal beds 
of commercial thickness mechanical analyses were undertaken some- 
what along the lines of the work of Cook •■ and Ashley.** The follow- . 
ing investigations were carried out: (1) Wet separation to determine 
the relative proportions of coarser and finer constituents; (2) mag- 
netic separation of coarser residues to determine the percentage of 
magnetic materials, chiefly glauconite; (3) sizing the products of the 
magnetic separation to determine the sizes and shapes of the mineral 
grains and the relative abundance of grains of certain sizes and 
shapes; (4) microscopic study of glauconite grains in thin section 
(for discussion see pp. 139-140) ; (5) chemical analyses of some of the 
products of the wet and magnetic separations (discussed below). 

PBEPABATION OF SAMPLES. 

Composite samples, 15 in all, derived from 87 originals, were pre- 
pared to represent each bed of commercial thickness at each of the 
six localities explored. Each sample weighed approximately 100 
grams and was made up of weighed portions of all samples taken 
from the given bed at the given locality, each in proportion to the 
thickness represented by it. The material was weighed without 
preliminary drying, but at the end check samples weighing 100 grams 
were dried under the same conditions to which the composite samples 
were subjected and reweighed to determine the loss of moisture in 
drying. 

WET SEPABATION. 

In a preliminary trial 100 grams of greensand was placed in a 
beaker, covered with water, stirred briskly one or two minutes with 
a glass rod, and allowed to settle for a few seconds. The liquid with 
finer particles in suspension was then decanted. This procedure 

• Cook, G. II., Geology of New Jersey, pp. 227-280, 1868. 

•« Ashley, G. H., Notes on the greeiisand deposits of the United States: U. 8. OmL Suirey BulL e60, 
p. 30, 1918. 
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was repeated and continued for an hour and three-quarters. At 
first the material released by washing was of a brownish color and 
rdatively heavy, settling in a comparatively few minutes. This 
disappeared after five or six washings, however, and a light yellowish 
green material was developed, which clouded the solution and ap- 
peared without evident diminution at every washing. Compara- 
tively little of this cloudy matter had settled, even after standing 
over night. A few drops of dialyzed iron, added to the solution at 
the suggestion of George Steiger, caused the flocculation and pre- 
cipitation of the fine suspended matter and the clearing of the 
solution. 

A second preliminary trial was made to determine whether the 
cloudy material above mentioned was present as detached particles 
in the original sample or whether it was developed from the green- 
sand grains by agitation in washing. About 25 grams of greensand 
in which clayUke material was relatively abimdant, was placed in a 
beaker on a stand imder a faucet. The inflow of water was directed 
by a funnel to the bottom of the beaker. The ''clay" was soon 
washed out and the solution cleared. Some cloudiness of the water 
was developed, however, when the greensand was agitated with a 
^Uiss rod. This was done at intervals of a few minutes for a period 
of nearly four hoiurs, and the cloudiness appeared at each agitation. 
The clear water was then poured oflf except about 50 cubic centi- 
meters, in which the greensand was again stirred briskly with a rod. 
The cloudiness at once reappeared just as abundantly as at the 
early stages of the washing. 

It was concluded that the glauconite grains were yielding fine 
particles either by mechanical wear of grain on grain or by the flow 
of water over the grains. Of the two agencies the former is appar- 
ently the more effective, because practically no cloudiness appeared 
during Ihe constant flow of water through the beaker. The test 
suggests that much of the ''clay" that is so abundant in some beds 
<rf greensand is really composed of finely comminuted glauconite 
grains. Its presence in the marl, therefore, does not necessarily imply 
poorer quality. 

In making the separations tabulated below the following proce- 
dure was observed. After placing the weighed sample in a beaker 
somewhat more than enough distilled water to cover it was added. 
The greensand was then stirred vigorously with a rod for one minute 
and allowed to settle for 30 seconds, after which the cloudy liquid 
was decanted to a second beaker. These operations were repeated 
to a total of 10 times for the first five samples and 15 times for the 
remaining 10 samples. The washed greensand was then removed 
to a casserole, dried on a steam bath, and weighed. A few drops 
of dialyzed iron were added to the cloudy liquid, which was then ^ 
allowed to settle, after which the clear water was decanted and ib^^B 
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settlings dried and weighed in the same manner. In samples G^2, 
G-10, Gr-13, G-14, and 0-15 the entire washing waters were dried 
without flocculation and precipitation by dialyzed iron. 

Wet separations of composite samples ofgreensandfrom Survey borings. 



LocaUty. 


Sample 
No. 


Approxi- 
mate 
thickness 
of bed. 


Weight of 
sample. 


Residue from 
washing. 


Material washed 
out. 


Loss of 
welghtin 
washing 

and 
drying. 


Grams. 


Percent 
(A). 


Grams. 


Percent 
(B). 


Salom 


lO-l 

\G-2 

G-3 

G-4 

0-5 

0-6 

G-7 

0-8 

G-0 

O-IO.... 

G-ll.... 

G-12.... 

0-13.... 

0-14.... 

0-15.... 


FeH. 

12 

11 

11 

11 

7 

8 

12 

13 

8 

6 

14 

4 

18 

23 




Granu. 
100 
100 
100 
100 
100 
100 
100 
100 
100.1 
100.12 
100.04 
100.04 
100.04 
100.07 1 
100.07 i 


03.44 
05.07 
77.04 
84.73 
86.65 
51.50 
70.75 
84.34 
90.47 
50.04 
60.42 
86.70 
04.30 
81.52 
75.24 


05.6 
07.3 
70.8 
85.7 
88.8 
53.4 
81.5 
86.2 
40.0 
52.4 
71.2 
88.3 
07.3 
84.3 
76.8 


4.25 
2.62 
20.07 
14.17 
10.05 
45.00 
18.05 
13.50 
50.10 
46.20 
28.07 
11.40 
2.62 
15.10 
22.70 


4.5 
2.7 
20.7 
14.3 
11.2 
46.6 
18.5 
13.0 
00.0 
47.6 
28.8 
11.8 
2.7 
15.6 
23.2 


(Traiat. 
2.31 
2.31 
2.80 
1.10 


Woodstown 


Sewell 


2.40 
3.32 
2 20 


Somerdale 


2.16 
1.44 
2.08 


Elm wood Rood 

Pemberton 


2.25 
1.85 
8.03 
336 
2.13 






Avwuiw 




1 


a 80.5 




a 10.5 


2.38 








1 









a Average weighted according to the thicknesses of the respective beds. 



For the check tests on loss of weight in washing and drying four 
samples were selected, weighed, dried over night on the steam bath, 
and re weighed with the following results: 

Moisture determinations on samples of gretnsand. 



Locality. 



Pieki 

No. of 

sample.a 



M-1. 




Woodstown 



Average. 



Original 
weight. 



Weight 

at about 

100* C. 



Oranu. 
100 
100 
100 
100 



Orams. 
96.05 
07.19 
96.85 
07.40 



Loss in 
wi^ght. 



Oramt. 
3.06 
2.81 
3.15 
2.51 



2.88 



a The field numbers are those used in the descriptions of the borings at Salem and Woodstown. 

The loss of weight on drying for the four check samples is of the 
same order individually as for the samples subjected to wet separa- 
tion, though the average is somewhat higher. 

The percentage of fines or "clay" in the greensand at the six 
localities named ranges from 2.7 to 60 and averages about 19.5. 

MAGNSTIO SEPARATION. 

An interesting characteristic of glauconite is that it is moderately 
magnetic and may thus be separated from quartz and other non- 
magnetic substances by passing the dried greensand through a 
ngly magnetic field. The residues from washing were presented 

iCceesively in small quantities close under a glass plate placed 
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inst the poles of a powerful electromagnet. The glauconite was 
•acted and held to the glass plate so long as the plate was in 
tact with the poles of the magnet. By lowering the plate the 
loonite cotdd be dropped into any convenient receptacle. This 
on was repeated until no further restdts were shown, and thus 
[y complete separations were obtained. 

s tabulated below the numbers of the samples and the beds 
resented are the same as for the wet separations. Ten-gram por- 
s of each sample were used, and the products of the separations 
3 weighed. 

Magnetic teparation of samples of washed greensand. 



JjOB^kbj. 


Sample 
No. 


Wdgbt. 


Magnetic portion, 
chiefly glauconite. 


Nonmagnetic por- 
tion, chiefly qoartz. 


Excess 
or loss 
after sep- 
aration. 


Glau- 
conite 
grains in 
original 




Grams. 


Percent 
(C). 


Grams. 


Percent 

(D). 


sample 
(CXA, 
p. 118). 


L --....... ..... 


fO-lA... 
G-2A... 
Q-3A... 
a-4A... 
0-6A... 
O^A... 
0-7A... 
G-8A... 
G-9A... 
Q-IOA.. 
O-llA.. 
0-l2\.. 
G-13A.. 
(G-14A.. 
G-16A.. 


Qnnu. 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


8.87 
9.46 
8.09 
9.60 
9.30 
&27 
9.77 
9.61 
9.32 
9.70 
9.62 
6.24 
9.50 
9.65 
6.27 


87.3 
94.1 
80.4 
96.0 
92.5 
82.3 
97.0 
94.6 
92.6 
96.6 
96.0 
62.6 
94.6 
96.0 
52.4 


L20 
.59 

L97 
.39 
.75 

1.78 
.30 
.55 
.74 
.34 
.40 

a76 
.55 
.40 

4.79 


12.7 
5.9 

19.6 
3.9 
7.5 

17.7 
3.0 
5.6 
7.4 
3.4 
4.0 

37.6 
5.5 
4.0 

47.6 


Oram. 

+ai6 

+ .04 
+ .06 

- .01 
+ .05 
+ .05 
+ .07 
+ .06 
+ .06 
+ .04 
+ .02 

- .01 
+ .05 
+ .05 
+ .06 


Percent. 
83.6 


stcnm 


91.6 
63.8 
82.2 


L 


82.1 
43.9 
79.1 


rdalo. ........ 


81.6 
37.0 
50.6 


rood Road 

MrtOD. 


6&4 
66.2 

91.9 
8a9 
40.2 






Avera^o 




. . 


89.9 




11.1 




73.1 

















weighted according to thickncoifes of beds represented. 

lie excess after weighing was probably due in part to the moisture 
en from the humid air by the dried greensand during the opera- 
is of separation and weighing. The percentage of magnetic 
terials^ chiefly glauconite, in the washed greensand is generally 
iiy being more than 90 in 10 of the 15 samples and averaging 89. 9 
all the beds represented. The percentage of glauconite grains 
he unmodified greensand is shown for each bod at each locality 
he last colunm of the table. The final average shows 73 per cent 
glauconite for the entire thickness of the greensand examined at 
h of the six localities. This figure does not include the finely 
ided glauconitic material occurring in the greensand as mud or 
ay*' (B in the table on p. 118). No mechanical separation of this 
d was attempted, but the chemical analyses on page 125 indicate 
t it is probably highly glauconitic. 

SIZE OF GRAINS. 

toth products of the magnetic separation (C and D of the table) 
e passed successively through a series of sieves having 20, 40, 60^ 
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80, and 100 meshes to the inch. The entire magnetic or nonmagn 
portion of each sample was used, so that the initial weights for 
sizing operations were assumed to be the same as those of the i 
arated portions shown in the table. The grains held on each si 
and in the receiver below the lowest sieve were weired. From tl 
weights the percentage of material of the different sizes in e 
sample were determined as shown in the following table: 

Size of grains of glaueoniUy quartz, etc, inuKuhed greeruarid. 





Sample 
No. 


Glauooolte, etc (C). 


Quarts, tte. (D). 


LooaUty. 


Qoan- 

Utyin 

sample 

(gnms). 


Qoantlty held on aieres. 


Quan- 
tity in 
sample 
(grams). 


Qoantlty held on skr 




Medi. 


Grams. 


Percent. 


Mesh. 


Gxams. 


Per 


Mum 


G-IA... 
Q-2A... 
G-8A... 
0-4A... 
G-fiA... 
0-6A... 
0-7A... 


8L87 
0.4S 
8L0B 
0.60 
9.30 
8.27 
9.77 


20 

40 

60 

80 
100 
10O+ 

20 

40 

60 

80 
100 
100+ 

20 

40 

60 

80 
100 
10O+ 

• 

20 

40 

60 

80 
100 
100+ 

20 

40 

60 

80 
100 
100+ 

20 

40 

60 

80 
100 
100+ 

20 

40 

60 

80 
100 
100+ 


a30 

4.80 

2.85 

.50 

.20 

.08 


3.4 

64.2 

82.2 

6.7 

3.3 

.3 


L29 
.50 

L97 
.39 
.75 

L78 

.30 

1 


20 

40 

60 

80 
100 
100+ 

20 

40 

60 

80 
100 
100+ 

20 

40 

60 

80 
100 
100+ 

20 

40 

60 

80 
100 
HXH- 

20 

40 

60 

80 
100 
UXH- 

20 

40 

60 

80 
100 
100+ 

20 

40 

60 

80 
100 
10O+ 


ai6 

.47 
.45 
.17 
.00 
.02 










8.86 

.60 

4.73 

2.90 

.79 

.45 

.11 


loai 


1.36 




Do 


6.3 
48l4 
30i3 
8.2 
4.7 
1.1 


.12 
.17 
.15 
.00 
.07 
.04 










9.58 


loao 


.64 




Woodstown 


.35 
3.06 
2L49 
.94 
.75 
.64 


4.3 

37.2 

3a3 

11.4 

9.1 

7.7 


.20 
.29 
.67 
.32 
.30 
.25 






&23 


loao 


2.03 




Do 


.19 

3.77 

3.58 

LOO 

.60 

.46 


1.9 
30.1 
36.6 

ia4 

7.2 

4.8 


.03 
.07 
.11 
.06 
.07 
.08 










9.64 


loao 


.48 




Do 


.34 
4.55 

2L90 
.82 
.57 
.19 


3.6 
4K.6 

lao 

&8 
6.1 
2.0 


.08 
.16. 
.27 
.10 
.10 
.00 










9.37 


loao 


.80 

.08 
.16 
.48 
.85 
.40 
.26 




SeweQ 


.37 

2.27 

3.10 

L04 

.95 

.65 


4.4 
27.1 
37.0 
12.4 
11.3 

7.8 










8.38 


100.0 


L82 




Do 


.09 

3.25 

4.02 

1.06 

.80 

.63 


.9 
83.0 
4a9 

ia7 

8.1 
6.4 


.04 
.06 
.09 
.04 
.05 
.10 










9.S4 


loao 


.38 


EKS 
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The glauconite particles range in diameter from more than 20-mesh 
to less than 100-mesh, but the greatest number by weight fall between 
20 and 40 mesh, though many fall between 40 and 60 mesh. Below 
the last size the quantity of glauconite falls off rapidly, though a few 
samples, especially Gh-9A, have considerable material of the smaller 
sizes. 

The quartz grains, too, fall chiefly between 20 and 60 mesh, but 
there is a large percentage also of the finest grains. 

SHAPES OF OBAZNS. 

The laigest glauconite grains, 20-mesh or more in diameter, show 
their form most clearly. Under the hand lens they appear irregular, 
botryoidal, or mammillary in general form, suggesting aggregates of 
roimded grains, rather than casts of foraminiferal shells, though 
some grains suggest such form. Many appear to be rounded nodules 
with irregular cracks of lighter color. The grains in general have a 
shiny surface and dark-green color. The 40 and 60 mesh grains show 
similar forms and markings but a greater degree of regularity, as if 
reduced by wear from larger grains. Some of the grains are elongate 
or curved and have a platy structure or cleavage. The smaller 
grains are subangular to roimded, though retaining to some extent 
the suggestion of earlier form and markings. They have evidently 
been much worn and represent, at least in part, material that has been 
transported and redeposited. Other grains, nonmagnetic, have seed- 
like or capsule form and measure 40 mesh or less. These, tested 
qualitatively, give a strong reaction for phosphate. Typical glauco- 
nite grains, somewhat magnified, are shown in Plate IV (p. 6). 

The quartz grains are generally irregular, angxdar, or subangular, 
though some of the larger grains (40 to 20 mesh) are rounded. 



Composite samples, so prepared as to represent the principal beds 
of commercial thickness at each of the localities drilled, were washed, 
and the residues were magnetically separated and sized. Some 
greensand was relatively free from day or mud, but on the average 
it contained about 20 per cent of such material. Glauconite grains 
form nearly 92 per cent of two of the beds, but the general average is 
73 per cent for the beds examined. The most common size for the 
glauconite grains is from 20 to 60 mesh. Their shapes are generally 
irregular and suggest mechanical aggregation. 

CHBMICAIi ANALYSES OF GREENSAND. 

GHABACTEB AND NTJHBEB OF ANALYSES. 

The character and nimiber of analyses and determinations made in 
the chemical laboratory of the United States Geological Survey in 
connection with the present investigation are shown below. The 
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potash determinations were all made by the method described by 
fficks and Bailey.** 

ArudyMM and deUrminaUons ofgreemand, etc 



Chsncter of work. 



Total KsO in individual orlglnslsamplM 

Total KsO in combined or prepared samples 

Water soluble KsO in original samples 

OiO in individual or oomnned samples , 

PiOi in in(Uvidual or combined samples 

COt in individual samples 

ICototure determinations 

Density- determinations 

Analyses of three samples of water, five determinatians each. . . 
OoaqpleCe analyses of ten samples, eleven determlTiatinns each. 



N umber of 

detecmina* 

tions. 



128 

17 

18 

16 

13 

2 

6 

t 

110 



837 



The total potash content of the indiyidual original samples has been 
given in the logs of the respective borings. It has furnished the basis 
of the computations and estimates already presented. The density 
and moisture content of the greensand have also been utilized in 
these computations and estimates. Some reference has also been 
made to the determinations of CaO, P3O5, and 00,. Other features 
of the investigation are described below. 

OOMPOSZnON OF ORBENSAND. 

Numerous analyses of greensand samples from different parts of 
New Jersey are given by Cook.** Four of them, which relate to locali- 
ties near those sampled in the present investigation, are given in the 
following table: 

Analjftes ofgnenaand. 



Vkvpborioacld. 
ig^iiieacid.. 
BkIo add . . • . . . 



Uma 

Mfp > ^«ki 

Oxidaofiron and alumina. 



1.68 
.M 

55.03 
6.80 
1.64 
1.01 

24.41 



(tfiron.. 



8.84 



100.37 



1.02 
.27 
fia23 
6.32 
1.40 
8.45 



7.04 

20.14 

0.00 



00.77 



8 



2.60 
.26 
40.40 
6w81 
2.52 
3.25 



8.00 

18.66 

7.55 



00.54 



2.34 

5a 00 

6.18 

1.57 

.60 



6.15 

24.82 

6.88 



08.25 



1. "Upper marl bed" (Manasquan) from Joshua Forsyth's place near Pemherton; green marl, ao 
■iVH|i spadiMn. Cook.O. H., op. ott., p. 485. 
a. ''Middle marlbed" (Honwrstown), from the Pemherton Karl Co., sent by J. C. Oasldllas an aTenge. 



8. ''Middle marl bed" (Homerstown), from piU of West Jersey Marl & Transportation Co.; avera^ of 
tts whole bed dux. Idem, p. 487. 

4. "Lower mail bed" (probacy Homerstown rather than Na^eslnk) from tuna of Jesse Upptncott, 
■Mr Oldaaii'f Cnek» Glooeester Coanty; and airen«e of the green marl of this neighborhood. Idem, 



W. B., and Bailey, R. K., Methods of analysis of greensand: U. 8. GeoL Surrey BalL 600, pp. 
•Cbck, O. H., The geology of New Jersey, pp. 417-441, 1868. 
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Much time has elapsed since the publication of Cook's work, and 
there have been changes in methods of analysis, so that it was thought 
desirable as a check to make a few complete analyses of greensand 
samples taken in the present investigation. Four samples were ac- 
cordingly selected, the analyses of which are given in the following 
table: 

Analyses of greensand, 
[R. K. Bailey, analyst. For orfsanic maUer aee p. ISO.) 



M-119 



BiOt 88.90 

FetO, 8.91 

FbO 1.62 

AkO,. 3.62 

CaO 2.10 

MfO 1.90 

KfO 3.66 



.M-09 



50.74 
17.30 
8.34 
L9X 
2.80 
3.76 
6.68 



M-^ 



51.83 
17.16 
2.93 
6.23 
.52 
3.66 
6.60 



M-16 



6a 32 
1&38 
3.03 
7.68 
.65 
3.82 
7.88 



NasO 
CO,. 
PtO.. 
HfO. 



M-110 



0,82 
1.00 
1.05 
7.08 



M-«0 



1.83 

.89 

1.79 

9.08 



M-^ 



0.78 
.96 
.31 

9.98 



lOaOO 99.95 100.12 



M-16 



aa 

.15 

.34 

8. 58 



loaso 



11-119. KMMamian marl from bide 17. locality 90. betuwn Birmingham and P«mbertaii. (See p. 
M-99. Homerstown marl from bola 15, locality 62, Elmwood Road. (See p. 70.) 
M-ao. Honierstown marl from hole 10, locality 85, SeiwelL (Seep. 49.) 
M-15. Homerstown marl from hole 6, locality i3, woodstown. (Bee p. 32.) 



i.) 



Although the localities from which the Cook samples were taken 
are not definitely known the respective materials represented by the 
two sets of analyses may perhaps be regarded as fairly comparable. 
Certain differences, however, deserve mention. 

The potash content of Cook's samples 2, 3, and 4 seems at first 
sight to agree fairly well with that of samples M-99, M-52 and M-15, 
though it is somewhat lower. It does not appear, however, that 
NajO was separately determined in the Cook samples. This substance 
is therefore probably included in the figure for potash. Further, as 
pointed out by Hicks and Bailey, "^ the methods employed in the anal- 
yses cited by Cook would tend to give too low a value for the potash. 
Thus the semblance of agreement in potash content in the two sets 
of analyses is accidental. 

The sihca content of the six samples cited in the preceding para- 
graph is fairly accordant, as is also the content of the combined 
oxides of iron. The other constituents show a greater degree of 
variation. 

Sample 1 of the Cook set and sample M-119, both of which repre- 
sent Manasquan marl, show considerably less potash than the other 
samples, though sample 1 is apparently of better grade than sample 
M-119, &s shown by its lower content of sihca as well as by its higher 
indicated content of potash. The high silica content of both these 
samples is probably due to a greater admixture of quartz grains in 
the marl. 

The percentages of CaO, PjOs, and COs indicate that only small 
quantities of the carbonate and phosphate of lime are present in the 



^ Hicks, W. B., aud Bailey, R. K., op. cit., p. 52. 
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better-grade mft'ls. Some of the PsO^ is doubtless combined with 
iron instead of with lime, for the mineral vivianite occurs at a number 
of the localities sampled. 

Some of the iron is probably present in the form of stdphides or 
sulphates, as indicated by the sulphuric acid of the Cook samples and 
by the ''irony water'' noted at many wells. 

COKPOSinON OF PRODUCTS OF WET SEPABATION. 

In the section on mechanical analyses of greensand (p. 117) it is 
suggested that much of the claylike material so abundant in some 
beds of greensand is really composed of finely comminuted glauconite 
grains. Four analyses were therefore made for the purpose of com- 
paring the chemical composition of the products of wet separation 
and of unaltered greensand. The samples used were some of those 
prepared for mechanical analysis. (See p. 118.) Each represents 
high-grade Homerstown marl. The chemical analyses are given in 
the following table: 

Compontion ofproducU of wet Hparation. 
(R. K. Bailey, analyst.] 



wSh. 

FeO.. 
AWC. 
CaO.. 

KgO.. 



G-7A 
(coarse 
residue, 
SeweU). 


G-7B 
(fine 
wash- 

Sew%). 


Q-13A 
(coarse 
residue, 
Elm- 
wood 
Road). 


0-13B 
(Ane 
wash- 

^. 

wood 
Road). 


50.38 
1&O0 
2.84 
7.83 
.37 
8.51 
7.85 


49.30 
16.33 
2.ftl 
&92 
.72 
3.44 
©.74 


48.50 

18.27 

3.03 

6.52 

1.77 
3.78 
7.37 


43.70 

1&50 

2.54 

11.10 

3.43 

2.99 

5.73 

1 



0-7A 
(coarse 
residue, 
Sewell). 



NasO. 
COf. 

HtC. 



0.30 
.10 
.28 

8.70 



10a88 



0-7B 
(fine 
wash- 
ings, 
SeweU). 



0.30 

2.48 

.51 

9.22 



100.76 



(}-13A 
(coarse 
residne. 
Elm- 
wood 
Road). 



100.87 



CK-13B 
(fine 



Elm- 
wood 
Road). 



a26 


1.15 


.30 


4.04 


1.09 


(«) 


8.96 


laso 



100. 9B 



• No material left for determination of PiOt. 

These analyses appear to justify the view that the fine or claylike 
constituents of the greensand marl have practically the same com- 
position as the coarser constituents and that much of the fine ma- 
terial is finely comminuted or amorphous glauconite. When these 
samples are compared with each other or with samples M-99; M-52; 
and M-15 of the previous table certain variations appear, but the 
quantities of the respective constituents are of the same order. 

POTASH CONTENT OF THE FINES. 

Although it was impracticable to make extended analyses of all 
the samples of fines obtained by washing (see p. 118), the potash 
content of each was determined because of its possible bearing on 
the treatment of the marl in commercial operations. If the fines 
should prove decidedly lower in potash content than either the 
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coarser lesidiieB or the unaltered nuui it mi^t pay tb wash the mail 
before extracting the potash. In the preceding table the potash 
content of the fines is compared with that of the coareer residoes. 
In the following table the potash content of the fines is compared 
with the average potash content of the unaltered greensand. (See 
p. 104.) The discrepancy in thicknesses given tot the beds in the 
two tables cited is due to a revision of stratigraphic data after the 
mechanical analyses were completed. The beds from which the 
fines were taken correspond in a general way, however, to those for 
wliich the average potash content is given. 

PoUuh oonUnl of fi.nu and <^ untdUred gnoitand ta jmt ofiU. 

[R. K. Baflfly, •nilyit.l 





OnymarL 


Oreenmarl. 


Chooolatta marL 


LooaUtT. 


Unal- 
tend. 


Finaa. 


Unal- 
tand. 


FtaMB. 


Unal- 
tand. 


Ftnaa. 




KsO. 


Sao^to 
Now 


KsO. 


KiO. 


"^ 


KiO. 


KiO. 


Banqila 


KiO. 


flaiflm 


6.19 
6.12 
6.09 


Q-IB 
0-3B 
0-6B 
0-9B 
G-12B 


4.73 

6.27 
6.20 
6.23 
4.56 


7.19 
7.68 
7.62 
7.36 
7.26 


a-2B 

G-4B 
0-7B 
0-lOB 
&43B 


6.47 
7.04 
6.74 
7.26 
6.73 










6.69 
&99 
6.32 
6.32 


G-«B 
0-«B 
G-llB 
0-14B 


6l16 


gewA 


4.81 


flimifiriilf^ 


6l50 


Slmwood Road 


6.01 


3.14 







For tha Ifanaaqnan marl in the Birmin^iam-Pemberton area tha aTara^a of aamplaa M-119. 121, 123, 12L 
and 126, welShted according to the thickness represented by each sample^ was 3.7 per cant of potash, and 
tha fines (sample G-15B) showed 2.89 per cent. 

In general the potash content of the fines, as shown in the above 
table, runs from about 0.1 to 1.5 per cent lower than in the unaltered 
greensand. At Sewell the fines of the gray marl contain 0.11 per 
cent more potash than the imaltered marl, but at Ehnwood Road the 
fines of the chocolate marl contain 3.18 per cent less potash than the 
unaltered marl. As indicated in the table on page llS, the fines 
of representative samples from all the districts examined average 
19.5 per cent of the unaltered marl. 

Concentration of the marl by washing would imdoubtedly in- 
crease the proportion of potadi in the resulting residues. This 
gain would be offset, however, by a loss of potash in the fines so 
nearly equal that the expense of washing the material would not be 
justified. 



\ 
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Cayeux ^ cites a group of analyses showing the chemical composi- 
tion of actual glauconite. The samples analyzed were all of recent 
material, mostly taken by the Challenger expedition. The analyses 
lie presented in the following table. 

Chemical composition of recent glauconite. 





1 . 


2 


3 


1 

4 


5 


6 


7 


ao, 


56.62 

12.54 

15.63 

1.18 

L69 

149 

2.1(2 

.90 

6.84 


5a 85 
&92 

24.40 
1.66 
1.26 
3.13 
4.21 
.25 
5.55 


5L80 
&67 

2L21 
1.54 
L27 
8.04 
8.86 
.25 
&68 


56.17 
&12 

21.59 
1.95 
L34 
2.83 
3.86 
.27 
5.76 


27.74 

13.02 

39.93 

1.76 

L19 

4.62 

0.95 

a62 

ia85 


46.90 

4.06 

27.09 

3.60 

.20 

.70 

6.16 

L28 

9.25 


47.46 


AlgOt. 


L58 


SS.i iiir.i ....... . 


sass 


iS?::::::::::::::::::::::::;:: 


8.10 


CfcO 




MfO 


2.41 


w.....:....:.ii. I.:.. .:..!.!! 


7.76 


NmO 




h5............i...i 


7.00 






• 


100.41 


100.23 


100.32 


100.39 


100.68 


99.24 


100L09 



1-6. From ChaOenger reports. 

6. A|piih<Mi BmnlOiiidian Ooean. GOmbel, C. W., K. bayer. Akad. Wiss. Sitsimcsber., voL 16, p. 417, 



7. Material from CkaOmger ofBoe, doKiibed by L. W. Collet (Les d^ts marins: EncyclopMie sciMi- 
tUhioa, p. 167, Paris, 1906) as "tbe punst specimen of actual (lauooiiite which has ever been found." 

The noteworthy featm*e8 of these analyses are the relatively high 
percentage of ferric iron as compared with ferrous iron, the rela- 
tively high alumina content, and the low or moderate potash content. 

Cayeux also cites a list of 23 analjrses of glauconite from older 
sedimentary formations and shows, following other investigators, 
that these older glauconites, though still ferric, have greater per* 
centages of ferrous iron than the recent types. The analyses also 
show a considerable increase in the amoimt of potash and in some at 
least a diminution in the amount of alumina. Collet '' remarks 
ttiat '^ the glauconite which is forming to-day on the bottom of the 
sea is not the glauconite of sedimentary rocks, which certainly has 
imdergone transformations that must be studied to understand the 
genesis of this interesting mineral." These transformations doubt- 
less include the continuation of the process that he terms ''glau- 
conitization,'' to which further reference is made on page 140. 

A group of analyses of glauconite from sedimentary rocks, some 
of which are identical with those given by Cayeux, are cited by 

* Ca3reux, Luden, Introduction k Tdttide p^trographique des roches s^dimeutaires: Mdm. carte gioL 
France, pp. 242-244, Paris, 1916. 

• CoOet, L. W., op.c&t., p. 166. 
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Dana.^® Some of these, together with analyses of matenal collected 
in the present investigation, are given in the following table : 

Chemical compontion o/gMueoniUfrom older sedimentary deposits. 





1 


2 


3 


4 


6 


6 


7 


Q-TCm 


0-130S 


8IOf 


49.42 

16.01 

3.00 

ia2S 

.31 

3.78 

7.91 

.26 


61.24 

13.44 

3.06 

12.22 

.10 

3.93 

7.10 

.81 


4a 76 

16^00 

3.77 

8.18 

.41 

3.97 

7.57 

.52 


5ae2 

21.03 
6.02 
3.80 
ft. 54 
ft. 57 
7.14 


ia90 

5.96 
4.79 
8.21 
2.28 
7.87 
.21 


46.91 
23.06 
2.64 
7.04 
2.95 
4.40 
7.31 
.91 


4».C9 

ia56 

3.06 

15.21 

.55 

a65 

6.06 

L21 


5a 58 

ia50 

2.96 

a72 

.84 

4.10 

&26 

.04 

.30 

.27 

7.76 


4a 47 


FeiOa. 


lflL4A 


FeO 


8. 86 


AltOa. 


5lS0 


CtO 


.00 


lUO 


8.96 


Sb...:::: 


8.04 


NaiO 

COt ' 


.86 


PdO» 














1.01 


Hrf) 


&08 
.80 


8.20 


a83 


a 14 


5.28 


4.71 


1L64 


&6I 


Tnffofn^^ nu^tn^Al . . r 
























90L80 


loaoo 


100.00 


9a 86 


9a 92 


9a 93 


ioao2 


10a83 


MLm 



a Vor organifl matter ma p. 130. 
ftCarbooat«s. 

1. Bwir River, Roasia. Knpffer, A., Jahresb. Chamie^ 1870, p. 1307. 

2. OntilDA, Rimia. Kupffer, A., idem. 

8. Qrodno VaOey, Ruaida. KimCtar, A., idem. 

4. Havre^ France. Haushofer. K., Jour, prakt. Chemie, vol. 10% p. 38, 1866. 

8. Antwerp, Bel^um. Dewalqne, F., Soc. gfol. Balglqua Annatai, ToLa p. 8|1878. 

6. Oono Idand, Mediterranean Sea. Bambernr, B., liin. pet. Mttt., Ufn^p, Sn. 

7. AsluTOveL near Elgin^ Scotland. Heddleu M. F., Roy. Soc. EdinboTKh Irans., vol. 29, p. 70, 1879. 
0-7C. Seweil, N. J., Homefstown marl, gtaooonite graina separated magneticaUy Ihim the reiidnei 

of washedjereeneand. (See pp. 118-119.) 

G-13C. EUnwood Road, N. J., Horaentown mari, ^auoonite paina separated magnetically from the 
raridnes of washed Rreenaand. (See i^. 118-119.) 

The magnetic separation in the last two samples was very clear, 
SO that these samples represent material as nearly pure as it seems 
possible to get by the method given. The potash content is distinctly 
higher than that of the other samples cited and is probably as high 
as could be expected from most New Jersey material. These 
analyses may therefore serve as a further check on the analyses of 
material from Eaton town given on page 97. By comparison with 
the imaltered green marl from Seweil and from Elmwood Boad 
(see p. 104), from which these samples were respectively derived, it 
appears that by washing and magnetic separation the potash content 
^f the concentrate thus formed was increased about 0.7 per cent. 

The above table shows the general range and variety of composition 
of the older glauconites. By comparison of these analyses with those 
of greensand given above and with the potash content of the samples 
taken in the several borings it will be seen that much of the New Jersey 
greensand is very nearly pure glauconite. Further discussion of 
the nature and origin of glauconite is given on pages 13S-142. 

WATER-SOLXJBIiE POTASH. 

As the water solubility of potash in greensand has an important 
bearing on the use of that material as fertilizer or as an ingredient 
of prepared fertilizers, a number of analyses were made to determine 

** Dana, J. D. and £. S., System of mineralogy, 6th ed., p. 463, 1890. 
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the amount of soluble potash in selected representative samples. 
Hie method employed was that given in Bulletin 107 of the Associ- 
ttion of Official Agricultural Chemists. The following table shows 
both the total potash and the water-soluble potash of the samples: 

Total and water-toluble potash in greemand. 
[R. K. Bailey and E. T. Bridcson, analysts.] 



flunptoNo. 



Locality. 



X-U.. 

lUTa. 



M-IM.. 
11-119.. 
M-llla. 
M-iao. 

H-m. 

M-IS. 
11-127. 



Holes, Salem 

Hole^Woodstown 

Holefl^SewflB. 

do 

Hole 11, Somwdale 

Hole 12, Somerdale. 

Hole 15, Elmwood Road . . 
Hole 10, Elmwood Road . . 
Hole 17, near Birmingham. 
.do. 



Hole 18, near Birmingham . 

do rTTT. 



.do. 



Hole 19 near Pemberton. 

do 

do 

Locality <ML near Oflage Station.. 
Locality 11$, near Eatontown.... 



KtO (per cent). 


Total. 


Soluble. 


7.73 


ao6 


7.88 


.04 


7.62 


Tnoe. 


ft. 18 


Trace. 


7.58 


.01 


7.32 


.08 


ft.«8 


.04 


ft. 86 


.06 


a. 61 


Faint trace. 


3.63 


Trace. 


3.27 


None. 


175 


None. 


L83 


None. 


4.29 


Trace. 


2.99 


Trace. 


4.61 


Trace. 


7.17 


Trace. 


7.09 


Trace. 



From the above table it appears that the water-soluble potash 
oontent of greensand is very low. The greensand is thus generally 
regarded as unsuited for use in prepared fertilizers^ though some of 
it has been used in fertilizer as a filler. 

ACID solxtbujty. 

No special tests of the solubility of greensand in acids were made, 
bat greensand is said to be directly and slowly soluble in dilute acids 
(Bulphuric; hydrochloric, or even acetic), so that the potash becomes 
Available. 

SOLXTBUJTY AND AVAIULBILTTY. 

Although the availability of fertilizer ingredients is generally 
tapi>osed to depend on their solubility, greensand appears to offer 
tn exception to this rule. Its wide and beneficial use as a fertilizer 
in former years lends strong probability to the idea that its potash, 
though practically insoluble in water, is actually available for plant 
growth. Possibly the weak acids present in some soils or the local 
reaction between the greensand and the root activity of certain 
plants may bring about this condition. Experiments of True and 
Geise, of the United States Department of Agriculture, on the 
Availability of potash in greensand have been described on pages 
113-116. 
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OBOANIC ]CATTEB« 

In the analyses reported on pages 124 and 128 oiganic matter 
was inadvertently omitted. For the sake of completeness this was 
later determined for the four samples of greensand and for two of 
the magnetically separated samples of glauconite. In the determi- 
nations, which were made by E. T. Erickson in the laboratory of 
the United States Geological Survey, the sample was treated initially 
with dilute sulphuric acid with some boiling to eliminate inorganic 
carbon dioxide. Possibly a slight and negligible amount of organic 
matter escaped in this treatment. The residue was then heated 
nearly to the boiling point of an aggregate of about 50 per cent 
H,S04 and 10 per cent OjO,. The following determinations of 
organic carbon were calculated from the carbon dioxide recovered 
from this procedure: 

Organic earhon in iampleg ofgreendond and glauoonitifr&m New Jeney. 

Qreensand : Per cent. 

M-15 0.07 

M-^2 24 

M-99 10 

M-119 21 

Glauconite: 

CWC w 10 

G-13C 09 

Lfr. Erickson states that for stabilized organic matter — that iSi 
organic matter not of recent origin — the hydrogen content may be 
considered as considerably less than the corresponding amounts of 
carbon and very likely not over one-fifth of that of the organic 
carbon. The total organic matter for each sample is therefore^ 
roughly, not much greater than the quantity of carbon indicated for 
it — ^probably not more than one-fifth greater. 

It is worthy of note that for two of the greensand samples the 
quantity of organic matter present is practically identical with that 
of the two samples of pure glauconite and that for the other two 
samples of greensand the quantity of organic matter is still very 
small. 

The bearing of organic matter upon the formation of glauconite is 
discussed on pages 140-141. 

FHOSFHOBIC ACID AND LDCB. 

As the investigation dealt chiefly with potash, little attention was 
devoted to phosphoric acid and lime, but some analyses were made 
as a check on earlier determinations and because of the agricultural 
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importance of these substances in the marl. Cook '^ emphasized the 
importance of the phosphoric acid in these words: 

Fbosphoric add is the most valuable constituent of the whole. Indeed, it may be 
Mnrted as a general truth, that the greensand marls may be valued just in proportion 
to the i>ercentage of this add they contain. 

In that day the effect of potash on plant growth was just beginning 
to be realized. In the light of the experiments of True and Geise it 
now seems probable that the potash in the marl is sufficiently avail- 
able to have agricultural importance at least equal to that of the 
phosphoric acid. 

The average phosphoric acid content of New Jersey greensand 
marls as shown by 130 analyses given by Cook^' is 1.78 per cent. 
Similarly the average lime content derived from 105 of Cook's analy- 
ses is 2.25 per cent. The highest individual percentage of phosphoric 
add cited by him was 6.87 in a sample from the upper marl (Manas- 
qoan) from Poplar. The highest percentage of lime (not counting 
that reported as carbonate) was 15.19 in a sample from the lower 
bed (Navesink) from Holmdel. 

Fairly recent analyses cited on pages 95, 96, and 98 give 0.907 per 
eent of phosphoric acid as the average of ten samples of Navesink marl 
from the Marlboro district, 0.96 per cent as the average of three sam- 
ples of Homers town marl from Freehold, and 1.16 per cent as the 
average of seven samples of Manasquan marl from Farmingdale. 

Analyses of three composite samples of Manasquan marl from the 
ffirmingham-Pemberton district, made in connection with the present 
investigation and given on page 88, show from 1.37 to 3.58 per cent 
of phosphoric acid and from 1.53 to 3.86 per cent of lime. Addi- 
tional analyses of selected individual or composite samples from the 
Homerstown and Navesink marls are given in the following table: 

Lime and phosphoric acid in selected samples of marl. 
[R. K. Bailey and E. T. Ericksan, analyst^.] 



Sample No. 



1-7 

K-15-16-17*. 

%-a 

IW2 

IkO 



Locality. 



ikn 

1H5 

1l-7»-79». 

1M9 

t 

IHS.... 



Holes, Salem 

Hole6^ Woodstown 

Hole9,8ewell 

Hole 10, Sewell 

West Jeney Marl A Transportatian Co/s pit, 

Sewell 

.....do 

Hole 12; Somerdate. 

do7. 

Hole 16, Elmwood Road , 

Atlantio Potash Co-'a pit, Harltcn 

Coplay Cement Co.'8 pit, near Osage 

Eastern Potash Corporatiao's grocrnd, 

Eatontown. 



Forma tioQ. 



Hornerstown. . 

.....do 

do 

do 



NavednkC?)... 
Hornefstown. . 

do 

Navesink (T).. 
Homerstown.. 

do 

do. 

do 



CaO 



Percent. 

2.97 

.60 

.07 

.52 

.20 

1.49 

.17 

.08 

2.86 

1.84 

None. 

None. 



1.06 



PfO, 



Percent. 

aos 

.25 

Trace. 

.31 

Trace. 
.38 
• 17 
.15 
1.79 
1.24 
.33 
.26 



.50 



• Gomposlta sample of cne-third each of M-15, M-16, and H-17. 
I Gompoeite sample of one-half each of M-78 uid U-T9. 

" Cook, O. H., op. dt., pp. 468-461 
"Id«ll«PP-tt7-441. 
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The phosphoric acid and lime content of the three principal mail 
beds in New Jersey is relatively low, but the Manasquan marl has a 
greater proportion of these substances than the other two beds. On 
the other hand, as previously noted, it is poorer in potash. 

ACOOlCPANYINa WATER. 

At many localities the marl beds contain water, especially in the 
southwestern part of the State, where the elevations are generally 
lower than in the northeastern part. Much of the water has an un- 
pleasant taste of iron or is slightly sulphureted and is unsuited for 
drinking. One sample of about 2 quarts was collected for analysis 
at Woodstown. A number of samples of marl collected wet were 
thought to contain sufficient water, singly or as composites, for 
analysis. The waters, however, proved insufficient for this purpose. 
Probably a gallon of each sample would be required for complete 
analyses. 

By combining the supernatant water from 11 samples (M-98 to 
M-108 inclusive) from hole 15 and similarly the water from 10 same- 
pies (M-109 to M-118 inclusive) from hole 16, both at Elmwood 
Road, sufficient liquid was obtained for partial analyses, which repre- 
sent the waters from these holes. The analyses of these composite 
samples and of sample 24 from hole 7, at Woodstown, are given in 
the following table. Only four of the more important substances 
were determined in each sample. 

Partial analyses of water samples from New Jersey greenaand. 

[R. K. Bailey, analyst.] 



Soluble salts. 



SiOt 

Ca 

Na 

K 

Undetermined. 



Hole 15, 
Elm- 
wood 
Road. 



Percent, 
0,W 



19L10 

2L4M) 

&» 

S.8S 

47.M 



IOOl 



Hole 1ft, 
Elm. 

wood 
Road. 



ontf. 

aoassi 



Hole 7, 

Wooda- 

tofvn. 



1LI7 

2L07 

9.S5 

S.80 

6141 



1 



loaoo 



Perctnt. 
aO088 



a82 

a&io 
ia.30 

&07 
SI 41 



lOOLQO 



The percentages of soluble salts in these waters are so small that 
the apparently substantial amounts of potassium correspond respect- 
ively to 9.6, 10, and 5.2 parts per million. This is probably far below 
the saturation point for potassium, for in the table showing percent- 
ages of water-soluble potash (p. 129) the content of potash, so far as 
given, ranges from 0.02 to 0.06 per cent E,0, equivalent to about 
0.018 to 0.05 per cent potassium. These percentages correspond 
respectively to 180 and 500 parts per million. 
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In laboratory determinations of water-soluble potash it is custom- 
try to boil the material in water for perhaps half an hour to pro- 
duce the solution, whereas in the ground solution takes place at a 
much lower temperature and hence much more slowly. On the 
other hand, the water which percolates slowly through the beds has 
the advantage of long-continued contact witii the greensand. 

The disparity between the amount of potassium present and the 
amount required for saturation suggests that potassium is being 
withdrawn from solution. The silica, lime, and soda and the rela- 
tively large percentage of undetermined substances suggest that the 
other constituents of glauconite may be present in sufficient quantity 
to unite with potassium to form glauconite and that this action may 
be the cause of the withdrawal of potassium from solution. 

That other substances are formed as well is shown by the occur- 
rence here and there of yivianite, marcasite, iron carbonate, and 
phosphatic nodules. 

Solution and deposition are processes that have doubtless been 
going on within the marl beds at different places at the same time 
or at the same place at different times. The present composition of 
the waters represents the balance between the two sets of conditions 
at the time of sampling. 

ENRICHMENT. 
POTASH. 

Cook '* states that ''the best marls will always be found below 
the natural drainage of the country, or at least where they have 
never drained out to dryness/' This statement does not seem to be 
borne out by the present investigation. In the table siunmarizing 
the field data obtained in the borings (p. 104) the thickness and 
potash content of each of the principal marl beds are given for each 
locality. The green and chocolate marl beds were in large part or 
entirely below the water table in four of the five localities. At the 
Somerdale borings, however, all the marl beds were above the water 
table and were practically dry, yet the potash content of each of the 
two beds represented (the uppermost bed had been eroded) was 
comparable to that of the corresponding beds at the other localities. 
For example, the green marl at Somerdale contained slightly less 
potash than that at Sewell and Woodstown but more than that at 
Salem and Elmwood Road. 

The borings show that the green marl averages 1.1 to 1.28 per cent 
more in potash content than the other two beds. This difference 
appears to be due, in part at least, to its relatively less admixtxu^ of 
quartz. This is shown on the table on page 1 19, where the results 

nCook, O. H.» op. di., p. 464. 
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of the magnetic separation of residues are given. Thus it is probably ' 
in the main a feature of original bedding rather than of subsequent 
enrichment. The green marl is usually distinct lithologically from 
the overlying or underlying bed. This again is probably a feature 
of original bedding. 

At some localities, however, notably at Sewell (see pp. 47-52), 
there is clear evidence of leaching and oxidation of the upper part 
of the marl and consequent impoverishment in potash. Although 
the marl beneath has a distinctly higher potash content it is not 
clear that this is due to enrichment rather than to original deposi- 
tion. At the Somerdale borings (pp. 7, 61-64) the HomerBto¥ni mari 
has been in part eroded and is overlain by reworked marl of Quater- 
nary age. This reworked material is distinctly oxidized and contains 
less potash than the imeroded marl beneath, but this imeroded mail, 
which is part of the green bed, is not unduly high in potash. 

Without doubt potash is locally being leached from the mari 
and is passing into solution. With little doubt, too, as suggested 
above, it is being abstracted from solution, but there seems to be no 
readily distinguishable zone of enrichment unless the green marl bed 
may be so considered. With regard to what becomes of this i>otash 
the following tentative suggestions are worthy of attention: 

1. Clay, which is believed to have an important share in the 
formation of glauconite (see section on nature and origin of glau- 
conite, pp. 138-142), was probably abimdant in the original muds 
from which the glauconite was formed — ^witness the alumina present 
in all the analyses of glauconite and greensand cited above. It was * 
probably more abundant in some beds than others. Thus the green 
marl bed with less quartz probably had a larger proportion of day. 

2. When the marl beds became part of the land area and were 
subjected to the action of meteoric waters the processes of oxida- 
tion and leaching of certain layers began. Some potash with other 
constituents went into solution and circulated through the marl 
beds. The potash-bearing solutions reacted with the clay to form 
new glauconite, and the action was more pronounced in the more 
clayey layers — ^for example, the green marl bed. Some of the new 
glauconite formed additions to existing grains, but some of it formed 
amorphous or colloidal glauconite such as that which now con- 
stitutes so marked a feature of certain beds. 

3. The difference in potash content between the recent glau- 
conites and older glauconites shown in the tables on pages 127-128 
has significance in this connection, as does the remark of Collet 
cited with those tables. It seems quite possible that the development 
of glauconite b^un in muds ofbhore may have continued by the 
process outlined above and may thus have enriched the undisturbed 
marl beds, through which the waters circulated. 
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4. The changes of level to which the marl beds, together with the 
ntiTe Ck>astal Plain, have been subjected have permitted all the 
marl beds, even those that now lie above the water table, to be sub- 
jected to the action of ground water for protracted periods. 

OTHER SUBSTANCES. 

Iron carbonate, somewhat phosphatic, forms the hard, stony layer 
tt the base of the Homerstown marl at hole 7, at Woodstown, and 
probably also forms part of certain nodules and casts that are 
strongly phosphatic. The stony layer is localized at a horizon that 
is thought to mark the boundary between two formations. The 
nodules and casts are distributed rather irregularly. All bear 
witness to the activities of solution and deposition in the circulating 



Ironstone, or sedimentary material cemented by oxide of iron, 
occurs at many places and at a number of horizons — ^for example, at 
the pit of the R. S. Ryan Co. near Medford. Here it occurs along 
the contact between the Homerstown marl and the overlying Qua- 
ternary gravels. (See p. 80.) This material also bears witness to 
the activities of ground water. It is locally of sufficient abimdance 
(o be quarried as stone. 

STRATIGRAPHIC NOTES. 

Southwest of Sykesville, in Burlington Coimty, two broad lithologic 
onits are present — an upper formation, predominately green to 
greenish black, and a lower formation, brown to brownish black, the 
lo-called chocolate marl. The contact between the two formations 
IB well defined and usually marked by the presence of sand or gravel 
grains near the base of the green formation. Locally a water-bearing 
gravel bed, shells, or an indurated layer occur at the contact. This 
eontact would be a convenient lithologic boundary for the Navesink 
ind Homerstown marls and is tentatively so considered in this 
paper. A single cast thought by T. W. Stanton to be that of 
ChicuOaea vulgaris, a wide-ranging form but common in the Homers- 
town, was taken from a gravel bed at this contact at Elmwood 
Road. (See PL X, hole 16.) It suggests that the Homerstown 
includes all of the green formation at that locality. 

This gravel bed and the sand and gravel grains elsewhere at the 
contact may represent the southwestern continuation of the Redbank 
sand. The stratigraphic features of the combined Homerstown and 
Navesink marls at the different borings are shown in Plate X. 

The Navesink grades downward into the Mount Laurel but 
appears to rest on a fairly uniform surface at each of the localities 
drilled^ except at Woodstown and Sewell, where variations of about 
4 and 6 feet, respectively, in distances of 330 and 375 feet down the 
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dip were observed. These %ures would indicate a dip of 64 and 80 
feet to the mile, respectively, at these localities, whereas the average 
calculated by Knapp, as previously stated, is only 33 feet. This 
apparently greater local dip may prove to be more widespread, or it 
may indicate local current scour in the Mount Laurel sands prior to 
the deposition of the Navesink. 

The thickness of the Navesink is about 28 feet at Elmwood Road, 
23 feet at Somerdale, 17^ feet at Sewell, 14 feet at Woodstown, and 
2 feet ( i) at Salem. At Salem there is no very clear basis for di»- 
tinction between the Navesink and Homerstown. The shell bed 
with rice gravel at the base appears to be Navesink, but the mail 
above in quality and appearance suggests Homerstown rather than 
Navesink. At Sewell a depression in the top of the formation 
corresponding to that in which the base lies was observed. At 
Woodstown a depression of 5 feet was found in a distance of 375 
feet along the strike, together with a total observed variation of 9 
feet in thickness at the three holes. These features, together wiUi 
the scant representation of the formation at Salem, may indicate 
local erosion of the upper beds by current scour or otherwise. On 
the other hand, at several of the holes the upper beds of the forma- 
tion show a transition interval of 6 inches to several feot in which 
streaks of green material are intermingled with the brown. 

In general the Navesink marl is more clayey at the top, less clayey 
and correspondingly more glauconitic in the middle, and more sandy 
near the base. The less clayey portions slump easily and tend to run 
like qidcksand. At Woodstown a water-bearing gravelly layer was 
encountered at hole 7, which was not represented at holes 5 and 6. 
At Sewell a hard sandy layer with vivianite was found in hole 10 
which did not occur at corresponding depth in holes 8 and 9, thou^ 
in these an increasing proportion of quartz sand was noticed. At 
Somerdale the intermingling of brown and green material was present 
throughout the formation. 

The basal features of the Homerstown marl have been mentioned 
in connection vrith the description of the Navesink. The top of the 
formation, as represented by the Terebrattdarheaxmg bed, was found 
in only one of the holes. Elsewhere portions of the Homerstown 
had been eroded. Nevertheless the measurements show that this 
formation maintains or even increases its thickness toward the 
southwest. For example, at Elmwood Road, where the Terebraivla'' 
bearing bed is present, the thickness is 17 feet 7 inches. At Somer- 
dale the formation is considerably eroded, but from 6 to 11 feet 
remains. At Sewell the maximum thickness measured is nearly 
22 feet, at Woodstown 27 feet, and at Salem 21 feet. 

In general, the Homerstown marl as observed in these borings is 
more clayey and Ughter in color in the upper part and more glauoo- 
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nitic and darker bolow. Near the base sand and gravel grains and 
locally even tiny pebbles appear. Local variations may be noted. 
For example, at Woods town a stony layer about 6 inches thick, some- 
what phosphatic and containing much iron carbonate, occurs at the 
base in hole 7 but is not found in holes 5 and 6. Similarly, at Woods- 
town shells were present at the base in holes 5 and 7 but absent in 
hole 6. At Sewell a light-green clayey bed 4 feet thick at hole 8 is 
only 6 inches tffick 375 feet away at hole 10. Other variations in 
eolor and texture were noted at different localities and at different 
holes in the same locality. 

The three holes bored in the Manasquan marl near Pemberton were 
not deep enough to pass through the formation, but they showed 
lome variations in character and thickness of the marl. The upper- 
most member, a relatively light colored sandy clay with compara- 
tively little glauconite, was 3 feet thick at the first hole and more than 
14 feet thick at the second, only 330 feet distant. The lower, dark- 
green glauconitic member was more than 9 feet thick at the first hole 
and less than 3 feet thick at the second. At the third hole, which 
was nearly a mile and a half away, only the dark-greenish member 
was exposed, more than 15 feet thick. 

These irregularities in the greensand beds suggest that their accu- 
mulation did not take place entirely beyond the range of wave and 
current action. 

CONDITIONS OP SEDIMENTATION. 

The hedding of the greensand, as previously noted, is generally 
regular, so far as observed. Some beds show a fine lamination. 
There is more or less alternation of clayey layers with more glauco- 
nitic heds. Quartz grains, generally angular or subangular rather 
than roimded, are distributed somewhat unevenly throughout the 
glauconite beds. The sizes of the quartz grains agree in a general 
way with those of the glauconite, but the preponderance of the 
40 and 60-mesh grains is less marked. The specific gravity of 
glauconite is slightly less than that of quartz, so that under the same 
conditions of sedimentation the glauconite grains might be expected 
to have a somewhat greater average size. 

The distribution of the quartz grains indicates a generally steady 
but slow influx of land-derived material from which the more soluble 
rock fragments had largely been removed. The presence of the clay 
and glauconitic mud included with the greensand indicates generally 
quiet waters. The maintenance of these conditions long enough to 
build up such an extensive and I'elatively thick deposit suggests a 
alow subsidence of the bottom on which the deposits were accu- 
mulating or a gradual transgression of the sea upon the land. The 

88626**— 22 10 
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Vincentown and Redbank sands indicate that the glauconite-forming 
agencies were at times interrupted or impeded by reversal of condi* 
tionsy the sea retreating or becoming shallower during the epoch of 
their formation. Minor reversals or oscillations of conditions during 
the deposition of the greensand are indicated by the presence of the 
sandy or gravelly layers described above. 

The local variations in the thickness of the supposed Navesink marl 
previously mentioned suggest that from time to time the generally 
quiet bottom conditions were disturbed by oceanic currents or by 
waves. 

A rather abundant and varied life inhabited the waters in which the 
greensand beds were being deposited, as shown by the shells and other 
types of fossils that have been recovered from the marl beds. Lists of 
Uiese fossils are given by Clark '^ and Weller.'* These animals fur- 
nished by their decay the organic matter generally supposed to be 
necessary for the formation of glauconite. 

According to Murray and Benard,^ glauconite forms most abund- 
antly at about the lower limits of wave, tide and current action, in 
the neighborhood of what may be called the mud line — that is, at 
about 200 to 300 fathoms. The temperature of the ocean at these 
depths ofiF Sandy Hook is between 40^ and 45^ F. If, as seems prob- 
able, the conditions of the formation of glauconite in Oetaceous time 
were similar to those of to-day the depth of the sea water over New 
Jersey in the Navesink and Homerstown epochs was 1,200 to 1,800 

feet. 

NATURE AND ORIGIN OF GliAUCONITB. 

Glauconite is a constituent of various marine sediments now forming 
along the shores of the continents, usually at depths greater than 600 
feet, but ranging from about 300 feet to somewhat more than 2 miles. 
It is not formed in the deeper parts of the ocean, except from acci- 
dental causes, nor along coasts where great rivers, such as the Amazon, 
bring large quantities of sediment into the sea. It is associated 
chiefly with greensands and green muds, though present in blue muds, 
volcanic muds, and some of the oozes; and it is widely distributed in 
the Atlantic, Pacific, and Indian oceans and the Mediterranean Sea. 
Glauconite is also widely distributed in time, having been formed in 
all the great geologic periods. 

The chemical and mineral composition of glauconite is variable, 
though part of the apparent variation may be due to the difficulty 
of procuring pure material for examination and analysis. There is 

Y4 Clark, W. B., A prettminary report on the (^vteeeoofl and Tertiary formatkma of N«fr JenMgr: New 
Jersey Oeol. Sorvey Ann. Rept . for 1802, pp. 160-230, 1803. 

n Weller, Stuart, Upper Cretaceoofl formatkniBandfiaunaa of New Jersey: New Jersey Geol. Sonr^y: Ann. 
Rept. for 1004, pp. 145-ieO, 1005. 

^ Murray, John, and Benard, A. F., Challenger Rept., Deep-sea deposits, p. 883, diagram 2, 1801. 



NATUBE AND OBIGIN OF GLAUCONITE. 189 

some doubt whether the mineral is really a definite substance. It is 
also thought that glauconite may indude members of a series of 
.minerals^ in the same manner as tJie chlorites and micas.^ Glauco- 
nite is essentially a hydrous silicate of iron and potassium and, ac- 
cording to Clarke,^ probably has when pure the composition repre- 
sented by the formula Fe'^'ESisO^.aq., in which some iron is re- 
placed by aluminum, and other bases partly replace K. Thus it 
should contain about 13 per cent of potashJ' The analyses show, 
however, that the potash is practically always partly replaced so that 
it rarely exceeds 7.50 to 8 per cent. Dana ^ gives the hardness of 
glauconite as 2 and its specific gravity as 2.29-2.35. It is usually 
amorphous and has a granular texture. 

Glauconite occurs chiefly in tiny irregular botryoidal or rounded 
grains, some of which appear to be casts of f oraminif eral or other cal- 
careous shells. The greater number, however, show no direct rela- 
tion to foraminiferal form. Many of the grains are worn and have 
evidently been transported and redeposited. Cayeux*^ describes and 
figures a type of grain relatively rare, in which a thin superficial coat- 
ing with radial structure, visible only in thin sections with strong 
magnification, was observed. Collet ^ suggests that these coatings may 
represent glauconitic pseudomorphs after the calcite of foraminiferal 
shells. Another type of grain described by Lfacroix** and relatively 
rare is thought to be crystalline and monoclinic. It is strongly pleo- 
chroic, has a well-recognized cleavage, and under crossed nicols in 
polarized light extinguishes parallel to the cleavage. Still another 
type, called by Cayeux pigmentary glauconite, stains the cement of 
consolidated sediments and forms coatings on grains of other minerals 
or fillings in the cracks of minerals such as feldspar. 

A number of microscope sUdes were made showing thin sections of 
g^uconite and of some of the associated mineral grains of different 
sLses from the New Jersey borings of the present iuvestigation. The 
noteworthy features of the glauconite, as shown in these sections, 
are (1) the absence of concentric or radio-fibrous structure; (2) the 
absence of any skeleton or core of other mineral matter; and (3) a 
uniform or nearly uniform aggregate structure of tiny crystalline 

n Qoldnum, M. I., Geoeralohartcter, mode of oocairenoe, and origizi of glaooonite: Waahini^toin Acad. 
8eL Joor., toI. •, pp. SOi-Wl, 1019 (abstract); The petrography and genesiB of the sediments of the Upper 
GNtaeeous of Maryland: Maryland Oeol. Soryey, Upper Cretaeeouf , p. 179, 1916. 

« Clarke, F. W., The data of geochemistry, 4th ed.: U. S. Qeol. Survey Bull. 096, p. 513, 1920. 

^AAkj, O. H., Notes on the greensand deposits of the eastern United States: U. 8. Oeol. Surrey BulL 
«B^ p. 34, 1918. 

•• naiia,J. D., System of mineralogy: Descriptive mineralogy by E. 8. Dana,6th ed., p. 683, New York, 
1114. 

■ Cayenx, Lncien, Contribution k VHadt micrographique des terrains sMimentaires: Soc. gfoLNoid 
Mte., TOI. 4, No. 2, p. 164, 1897. 

■ OoDet, L. W., Le0d4p6ts matins: Encyelop<die setontiflqne, p. 141, Paris, 1908. 
■Gitsd by Cayeuz, Loolni, op. dt., p. 166. 
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flakes, which, in polarized light, show an aggregate polarization 
without general extinction. (See PI. IV, p. 6.) 

The absence of skeleton or core is in distinct contradiction to the 
idea of Hart^ that glauconite ''consists of a core, which is apparently 
pure silica, and a covering layer of glauconite containing apparently 
no, or very little, silica.'^ 

Some grains, presumably those described on page 122 as havii^ a 
platy structure or cleavage, show these features with parallel extinc- 
tion in thin sections and are pleochroic. These may prove to be 
crystalline glauconite like that described by Lacroix. A grain of 
feldspar, in which flakes of glauconite had evidently been formed in 
cracks, was observed in one of the sections. The glauconite was 
apparently fresh and relatively pure and free from alteration. A few 
grains, however, showed encroachment of iron sulphide. The seed- 
like or capsule-shaped grains are isotropic. They are phosphatic 
and contain numerous tiny black particles that may be magnetite. 
Some of them contain grains of green glauconite. 

The origin of glauconite is still imperfectly understood. According 
to Murray and Renard,"^ organic matter inclosed in the shells and 
present in the mud itself transforms the iron in the mud into sulphide, 
which may be oxidized into hydrate, sulphur being at the same time 
liberated. The sulphur becomes oxidized into sulphuric acid, which 
decomposes the fine clay, setting free colloid silica, alumina being 
removed in solution. The colloid silica and hydroxide of iron are 
in a condition most favorable for their combination, and in the pres- 
ence of potash salts in sea water these substances form glauconite. 
Collet** suggests in modification of these views three stages for which 
he cites evidence — (1) the formation of gray casts composed exclusively 
of clay; (2) the formation of brown caste of different shades repre- 
senting different stages in the replacement of clay by peroxide of 
iron, no potash being present; (3) ''glauconitization,'' the introduc- 
tion of potash and probably also of the water of constitution. 

Murray and Renard*^ regard it as improbable that any minute 
grains of glauconite are formed in a free state in the mud. They think 
that this mineral is formed in the cavities of calcareous organisms, 
though they admit that some grains appear to be highly altered frag- 
ments of ancient rocks or coatiii^ of glauconite on these rock frag- 
mente. They state that shells are broken by the swelling out or 
growth of the glauconite and that subsequently the isolated cast 
becomes the center upon which new additions of the same substance 
take place, the grain enlarging and becoming more rounded in a 

M Hart, Edward, Glaaoonlte or greensand: Am. Chem. Soc. Jour., vol. 39, p. 1910, September, 1917. 
• Murray, John, and Renard, A. F., Challmgn Rept., Deep-6eadepoBlt8,p.38B, 180L 
••Collet, L. W., op. dt., pp. 176-178. 
" Murray, John and Renard, A. F., op. dt., pp. 387-388. 
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more or less irregular maimer, as in the formation of concretionary 
substances. Although the irregularities of sha]>e and the general 
scarcity of grains with definite foraminiferal form may perhaps be 
explained in this way, the coatings and accretionary layers noted 
suggest that other modes of origin besides that within calcareous 
shells may be important. 

Cayeux ^ cites a variety of evidence to show that orgamc matter is 
not essential to the origin of glauconite grains. He ascribes an 
important share in their genesis to the so-called pigmentary glaucon- 
ite, and shows that grains of glauconite hare originated or have 
continued to increase in size after all the elements of the accompany- 
ing sediments were in place as in a consolidated deposit. He con- 
cludes that organic matter may be more often the primordial condition 
of the production of glauconite, but that it is very certain in many 
places that organic matter has had no part in the genesis of this 
mineral. 

Collet^ also recognizes the important part that pigmentary 
glauconite may play in the origin of glauconite grains and adds that 
the absence of cement in microscopic sections of glauconite may be 
explained by the fact that both the glauconite grains and the glau- 
conitic cement are cryptocrystalline and composed of particles 
diJGFerently oriented so that suture lines would be masked. 

On page 126 the fine material washed from composite samples of 
New Jersey greensand beds is shown to contain approximately 3 to 7 
per cent of potash. It consists largely of greenish to yellowish 
colloidal matter that may be classed as pigmentary glauconite. 
It may be part of the original deposit, in which for some re^on 
grains of glauconite did not develop, or it may have originated by 
mechanical wear or disintegration of previously existing grains. 
It may, however, have been formed by the chemical action of the 
circulating waters upon clay in the marl. Possibly grains of glaucon- 
ite may be forming in it to-day, but of this no direct evidence was 
observed. 

With reference to celadonite, a mineral closely related in composi- 
tion to glauconite, Clarke^ remarks: 

If, now, we asBume that celadonite and glauconite are at bottom the same ferri- 
potassic silicate, differing only in their impuritiee, we may begin to see that the several 
modes of its formation are not absolutely different after aU. Probably, in all their 
occurrences, the final reaction is the same, namely, the absorption of potassium and sol- 
uble silica by colloidal ferric hydroxide. In the ocean these materials are prepared 
by th« action of decaying animal matter upon ferruginous clays and fragments of potas- 
■ram-bearing silicates. In the sedimentary rocks, where glauconite appears as a late 

■ CAjenz, Lneton, op. dt., pp. 175-lM. 

• Collet, L. W., op. dt., pp. 154, 155. 

« Clarke, F. W., The data of geoohanifltry: 4th ecL: U. S. GeoL Survey Boll. 005, pp. 514-515, 1890. 
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product, the actioii of peroolAting waten upcm the hydroxide would •oooimt for its 
fofinatioii. In igneouB rocks the hydroxide is derived from augite, or periuips from 
olivine, and percolating waten again come into play. Thus the vanoua jnodactiooB 
of g^aaoonite and celadonite become the results of a sin^e process, which is exactly 
equivalent to that in whidi potasnum compounds are taken up by days. Hie obser- 
vation of L. Oayeux that g^uconite is frequently p re s e nt in arable soUs, in all condi- 
tions from perfect freshness to complete alteration into limonite, su gg e s t s that pediaps 
the lonnation of the species is (me of the modes by which potassium is withdrawn from 
its solution in the ground waters. 

This statement tends to oonfinn the suggestions presented above 
in the discussion of enrichment. 

Fuller -discussions of the nature and origin of glauconite are given 
in some of the papers cited, notably those of Cayeux and Collet, 
which contain bibliographies of the subject. 
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THE OCCURRENCE AND USES OF PEAT IN THE 

UNITED STATES. 



By E. K. SopER and C. C. Osbon. 



INTRODUCTION. 
SCOPE AND PUBFOSE OP THE BEPOBT. 

This report, which contains the results of studies undertaken dur- 
ing the World War, describes the peat deposits of the region lying 
east of the ninety-seventh meridian and north of an irregular line 
drawn eastward through the northern parts of Iowa, Illinois, Indi- 
ana, Ohio, Pennsylvania, and New Jersey, including approximately 
the area covered by the Wisconsin or last glacial drift; a relatively 
narrow strip of land extending 25 to 50 mUes inland on the Atlantic 
coast from New Jersey to southern Florida and along the Gulf coast 
to the Mexican boundary; and small scattered areas in the Pacific 
Coast States. (See PI. L) These regions include practically all 
the valuable peat deposits in this country and nearly all the swamp 
land except the bayous and lowlands along the Mississippi, where 
peat can not form because the water contains too much sediment and 
the heavy rainfall is unevenly distributed throughout the year. 

It has been known for many years that the United States contains 
large deposits of peat, but little detailed information concerning the 
quantity and quality of this peat or the uses for which it is best 
adapted has heretofore been available except some reports on the peat 
deposits of Maine and a few other States. This report is intended to 
show the method of formation, distribution, quantity, and quality of 
the peat in the United States, to indicate the uses for which it is 
best suited, to point out the possibilities offered by the commercial 
utilization of peat, and to serve as a guide for future investigations. 
It contains conclusions based on a study of the origin, occurrence, 
and distribution of peat in the areas considered, a general account 
of the uses of peat and peat moss for fertilizer, fuel, surgical dress- 
ings, and other purposes, and descriptions of the methods of meas- 
uring and testing peat deposits and of the processes of manufac- 
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luring peat products; but as r'oinplete descriptions of machinery and 
manufacturing methods are given in other publications* references 
to which will \)e found in this report, the technical features of the 
work of peat procluction are treated only briefly. 

PEBSOHHEL AND ACKHOWI^EDOXEHTB. 

The geologic*, field work in Minnesota, Wisconsin, New York, the 
New England States, Pennsylvania, and New Jersey on whidi this 
bulletin is based was done during the summers of 1914, 1915, and 
1918, mainly by E. K. Soper, who was assisted in Minnesota by 
I*ercy (i. Cowin. Data concerning the occurrence of peat in Vir- 
ginia and North Carolina and the commercial and economic condi- 
tions of the peat industry were gathered by C. C. Osbon in 1917, 
1918, and 1919. The report was jointly written by Messrs. Soper 
and Osbon. Some of the information presented is based on the 
work of the late Charles A. Davis and of the geological surveys and 
other organizations of the States that contain peat deposits. 

The work was done under the general supervision of David White, 
chief geologist of the United States Geological Survey, to whom the 
authors are especially indebted for many helpful suggestions. Ac- 
knowledgments are due to R. G. Butler for collecting samples of 
peat and related data in Illinois, Indiana, Ohio, and Michigan in 
the summer of 1918, to Prof. W. H. Emmons for the loan of field 
equipment and for other assistance, to Dr. George E. Nichols for 
valuable data concerning the occurrence of peat and peat moss in 
Massachusetts, to Dr. George H. Perkins for data concerning the 
l)Ogs of Vermont, to E. A. Beals for information relating to certain 
peat deposits in Connecticut, to R. R. Hice and O. E. Jennings for 
data regarding peat and sphagnum in Pennsylvania, to Alfred DaA- 
nowski for data respecting certain peat areas in Massachusetts, and 
to Frederick V. Coville and W. C. Alden for reading the entire report 
and offering valuable suggestions for its improvement. The aid given 
in the preparation of this report by the operators and engineers of 
juMit plants throughout the country, by numerous State officials not 
mentioned above, and by others whose personal assistance and com^ 
tesy materially contributed to its value is most heartily acknowledged. 

FBOSPECTS OF THE PEAT INDUSTBY. 

Peat is used in the United States principally in agriculture. Its 
value as a source of nitrogen for use in the fertilization of the soil 
seems to have l>een overlooked by many who are interested in the 
development of a domestic peat industry. Analyses of the peats of 
the Ignited States show a content of nitrogen ranging from 1 to 4 
per cent and averaging about 2 per rent, much of which can be ex- 
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tracted from the peat as a by-product in producer-gas plants or by 
simple treatment can be made available for plant food without seg- 
regating it from the peat However, a chemical analysis of raw peat 
is not a true test of its value as a source of nitrogen for agricultural 
use, for by proper inoculation with nitrifying organisms a substan- 
tial quantity of soluble nitrogen is gradually formed and released 
after the peat has been placed on the soil. Moreover, prepared peat, 
when added to some ^ils, either directly or as an ingredient of com- 
mercial fertilizer, improves their physical make-up. 

Peat has been used commercially in the United States as a fer- 
tilizer since 1908. It has been mixed with potash or phosphate, 
limed, treated with nitrifying bacteria, and applied directly to the 
soil as a fertilizer, or it has been dried, screened, and used as a nitroge- 
nous ingredient of commercial fertilizers. This subject is now at- 
tracting wide attention, and the use of i^eat in agriculture probably 
offers greater possibilities in this country than in any other. Eaw 
and strongly acid peat is also used without nitrification in the cul- 
tivation of rhododendrons, orchids, bluel^erries, and other plants 
that require acid soil and are able to use nitrogen in organic form. 

The use of peat and muck as crop soils is being rapidly extended 
in this country and abroad. 

Peat has been used as fuel for centuries, notably in Russia, Den- 
mark, Sweden, Ireland, Germany, and Holland. It was not used as 
fuel commercially in America before 1908, although immigrants fa- 
miliar with its use as fuel in their native lands, who came here and 
settled in our northern States or migrated westward frequently used 
it for heating and cooking prior to that time. The early settlers in 
the New England States and some of the pioneers who settled on the 
prairies of Minnesota, Wisconsin, and northern Iowa before rail- 
roads were built and coal could be readily obtained thus made use of 
peat as fuel. 

Although peat in the form of hand-cut blocks was produced as 
fuel by the early settlers in the United States, the first attempt to 
manufacture peat fuel commercially in this country was made in 
1902, when a strike of the Pennsylvania miners caused a shortage 
of coal and directed attention to the peat deposits of the country as 
a source of fuel. Since then many experimental plants have been 
built, but few have reached the stage of commercial production. 
The most common causes of failure have been lack of sufficient cap- 
ital, choice of improper methods and machinery, and injudicious 
location of the plants where coal was abundant or easily procured. 

Although peat fuel has long been profitably produced and sold in 
Europe, where labor is cheap and coal is scarce, a peat- fuel industry 
of national proportions would probably not be successful in the 
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United States so long as our vast reserve of coal remains availabla 
However, the coal shortage of 1917 and 1918 showed that peat fuel 
may be j)rofitably made and sold in regions where coal is scarce and 
expensive, where good peat is abundant, ^and where, on account of 
a cold climate and extensive manufacturing industries, large quan- 
tities of fuel are needed. Although the prospects for a commer- 
cially successful peat-fuel industry in the United States are ]|ow 
probably limited to regions remote from the coal fields, it seems that 
ultimately, when our reserve of high-grade coal is consumed, there 
will be a general demand for other fuel, and unless heat and power 
are obtained from other sources a large peat-fuel industry will be 
created in this country. 

The other commercial uses of peat are numerous and varied. 
Many valuable by-products, similar to those obtained by difitilljng 
coal, may be produced from peat In the manufacture of stock feed 
screened peat is used as an absorbent for the uncrystallized residues 
of beet and cane sugar refineries and as a corrective of intestintl 
disorders. Owing to the scarcity of raw materials in Europe, fibrous 
peat is there employed to some extent in making paper, cardboard, 
artificial wood, and cloth; and sphagnum or peat moss has been ex- 
tensively used since 1914 as a substitute for absorbent medicated 
cotton in surgical dressings. In Europe and in the United States 
use has been made of especially prepared peat and peat moss for 
mud baths, packing material, and stable litter. A detailed discus- 
sion of some of these subjects is given on pages 59-74. 

DEFINITION& 

The terms " i)eat " and " muck " are often used interchangeably to 
designate either of those materials — a practice that is confusing 
and that should be discouraged. Peat is the partly carbonized 
organic residuum produced by an arrest in the decomposition of 
roots, trunks of trees, twigs, seeds, shrubs, mosses, and other vege- 
tation covered or saturated with water. It contains a large propor- 
tion of the carbon of the original vegetable matter, and its vegetal 
structure is generally visible without the microscope. It is usually 
acidic, and it contains much less inorganic than organic matter. 
In fact^ some pure peats contain less than 4 per cent of inorganic 
material. Muck is soil that contains a high percentage of unca^ 
bonized organic matter; but, as the name is commonly applied to 
drained and oxidized areas of peat under cultivation, it is difficult 
to draw the line between peat and muck ; peat may grade into muck 
and muck into peat If the material will ignite and bum freely 
when dry it is usually considered peat. 
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ORIGIN OF PBAT. 
GEOIiOOIC CONDITIONS FAVOBABLE TO THE FOBMATION OF PEAT. 

Peat is formed under conditions favorable to the profuse growth 
of plants and to the escape of the plant debris from complete decom- 
position by bacterial and chemical action. Hence it is clear that 
the accumulation of this material is governed very largely by to- 
pography — that is, the configuration of the surface of the land — and 
l^ climate. If the land surface contains depressions, or flat or 
gently sloping, poorly drained areas in which water may collect 
and stand permanently, and if the temperature of the air and the 
soil is low in summer or the humidity of the air is high enough to 
prevent rapid evaporation, peat-forming plants will flourish. 

Glacintion was the dominant factor in the distribution and origin 
of most of the peat deposits in the United States as well as of many 
in Canada and Europe. During the glacial epoch a succession of 
great ice sheets spread southward from Canada over New England, 
New York, the northern parts of New Jersey and Pennsylvania, 
and nearly all the region north of Ohio and Missouri rivers. As 
each sheet in turn melted away it left on the surface of the land 
irregular deposits of glacial drift consisting of clay or rock flour, 
sand, gravel, and boulders that had been carried by the moving ice 
and its attendant waters. In many places this drift so blocked the 
stream valleys as to form lakes. The unevenness in the thickness of 
the drift or its irregular settling produced many hollows, and the 
scouring action of the moving ice on solid rock produced still others. 

The earlier ice sheets disappeared so long ago that streams have 
now drained most of the lands they covered, notably parts of Ne- 
braska, Kansas, Iowa, Missouri, and Illinois. But though the last 
ice sheets, those of the Wisconsin stage, melted ages ago the streams 
have not yet had time to clear out and extend their valleys so as to 
drain the thousands of lakes and ponds and the hundreds of thou- 
sands of acres of marsh and swamp land in the region covered by the 
last glaciers. For this reason the peat bogs are confined largely to 
the area of the latest glacial drift, though basins in which peat may 
accumulate are also formed in limestone regions by solution. 

The factors next in importance to glaciation and the kind of sur- 
face rock in forming deposits of peat are wave and stream action 
and coastal subsidence. Many peat deposits of salt-marsh and fresh- 
water origin are seen in drowned valleys, where the coast has sub- 
sided and landlocked lagoons or deltas have been formed, and in 
flat, imperfectly drained areas farther inland. In some places salt- 
marsh peat overlies peat of fresh-water origin, indicating coastal 
subsidenoe. 
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Abiindant and well-distributed rainfall, high humidity, and a 
cool or mo<Ierate temperature are the most favorable climatic condi- 
tions for the formation of peat. These conditions are found in the 
region of the Great Lakes, in the New England States, and, in vary- 
ing degrees of competency to form peat, in the Atlantic Coast States. 
If the climate is otherwise suitable, peat forms at some places in the 
Frigid Zones, Init not extensively. In the Torrid Zone, although, 
owing to the high temperature, plant debris decays rapidly^ despite 
the profuse plant growth peat accumulates slowly and therefore con- 
tains a high percentage of inorganic matter. 

On account of the rapid run-off of surface waters in the Appiala- 
chian and Rocky Mountain regions little valuable peat is formed, and 
scanty rainfall produces the same result in the area between the 
Rocky Mountains and the eastern part of the Dakotas. Contrary to 
the general belief, there are few commercially valuable deposits of 
peat in the lower Mississippi Valley, perhaps because of the high 
temperature and the vast amount of alluvium carried by the Mis- 
sissippi and its tributaries and deposited from time to time on its 
flood plain. 

CHABACTEB OF PBAT-FOBXINO VEOXTATIOH. 

As peat consists of partly decayed and disintegrated plant dSbris, 
the function performed by plants in the ori;p:in of peat is funda- 
mental. Although hundreds of different plants have been identified 
in the bogs and swamps of this country and thousands of species have 
contributed material to form peat, comparatively few plants con- 
tribute the greater part of the vegetable debris that makes it. The 
most common of these plants are trees, heath shrubs, sedges and 
grasses, mosses, pondweeds, water lilies, reeds, cat-tails, algae, and 
ferns. In a favorable environment most of these plants multiply 
rapidly and soon predominate over their competitors ; in fact, in some 
areas they grow so densely that man can penetrate them with diffi- 
culty, and an immense quantity of dead vegetation annually accu- 
mulates. 

CHEKICAI. CHANGES IN PEAT-FOBMING MATTER. 

One of the chief substances formed by plants during their growth 
is cellulose (CYjIIijoOeo)^ which consists of carbon, hydrogen, and 
oxygen. These constituents are absorbed by the leaves from the 
atmosphere and by the roots from the soiL Cellulose, because of its 
complex composition, is an unstable compound and when attacked 
by fungi and bacteria decomposes rapidly. If at the end of the 
growing season the plant debris falls upon drained soil it is vigor- 
ously attacked by these microorganisms, and the carbon and hy- 
drogen of the cellulose unite with the atmospheric oxygen and with 
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each other, forming carbon dioxide, water, and marsh gas. In other 
words, if oxidation is unhampered, the organic matter will disappear 
in a relatively short time. If, however, the plant matter falls into 
water or upon soil saturated with moisture, it undergoes a change 
different from the decay suffered by exposed vegetation. The atmos- 
pheric oxygen is largely excluded, and as the activity of fungi and 
bacteria is controlled by the supply of air, upon which they depend 
for their existence, decay is slow, the plant debris becomes buried, 
and a large proportion of the fixed carbon is retained. The salient 
features in the production of peat ( 00,1172024) from cellulose 
(CtsH^soOqo) &i*6 the elimination of hydrogen and oxygen as water 
(HjO) and of carbon and oxygen as carbon dioxide (CO,) and 
the generation of methane (CH^). This is the process of carboni- 
zation. 

If the surface conditions are unchanged, carbonization is largely 
arrested with the formation of peat, and the accumulation of organic 
matter may exist indefinitely as peat, unless the land is drained and 
decomposition begins again or unless the peat is deeply buried be- 
neath superposed deposits, generally muds, sands, limestone, and 
other sedimentary beds, and subjected to pressure, accompanied by 
heat. Lignite, bituminous coal, anthracite, and graphite are suc- 
ceeding stages in the process of carbonization of the buried vegetable 
debris. Most coals were once peats; most coal fields were formerly 
swamps, and the formation of peat in the bogs and swamps of this 
country to-day is an example of the first stage in the process of coal 
formation. Deposits essentially similar were laid down in many 
parts of the United States during the Carboniferous, Triassic, Cre- 
taceous, and Tertiary periods. 

CLASSIFICATION OF WET LANDS AND PEAT DEPOSITS. 

TYPES OF TJNDBAIKED LAND. 

The terms " bog," " marsh," and " swamp " are often used inter- 
changeably to indicate the same kind of undrained land surface. It 
is suggested that, for the sake of exactness, these terms should be used 
to designate the following types of undrained lands : 

Bog, — ^A flat or gently sloping wet area devoid of trees, except 
in some places small scattered patches of tamarack or black spruce, 
and overgrown principally by sphagnum moss and heath shrubs or 
by grasses and sedges. The numerous sphagnum areas of Minne- 
sota, Wisconsin, and the New England States belong to this class. 

Marsh, — ^An open shallow basin or relatively flat area covered 
with water, devoid of trees, and overgrown by grasses, sedges, cat- 
tails, bulmshee, or reed& The chief difference between bogs and 
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marshes lies in the character of the living vegetation and the quan- 
tity of surface water. Marshes often adjoin lakes, rivers^ and sea- 
i*oasts an<I inav contain either fresh or salt water. The Revere 
Marsh, near Boston, Mass., is a typical salt marsh, and the marshes 
adjoining Charles and Noponsot rivers in Massachusetts are good 
exanipk^s of the fresh-water type. 

Sframp, — A low, flat area covered or saturated with water and 
overgrown by trees, with or without an undergrowth of shrubs. The 
surface may be overgrown by a thick mat of vegetation, consisting of 
small plants, a condition found in many of the swamps of New Eng- 
land, or, as in some parts of Dismal Swamp, Va., it may be oovered 
with water and comparatively free from small plant growth. 
Swamps are sometimes named from the trees that predominate in 
them, as spruce swamp, cedar swamp, gum swamp, and cypRSB 
swamp. In swamps containing standing water the contribution of 
sphagnum moss and heath shrubs to the debris from which peat 
forms is small. 

KINDS OF PEAT DEPOSITS. 
TOPtXlRAPHIC TYPES. 

As classiflcd according to topography, there are three general 
types of peat deposits — the filled basin, in wliich the peat ac- 
cumulates in marshes, ponds, and lakes; the built-up deposit 
and its corollary, the climbing bog, in which the peat forms on 
flat or gently sloping moist areas not covered with water; and 
the composite area consisting of built-up peat underlain by peat 
of the filled-basin type. Plate II illustrates the first two types. 
Although dei)<)sits of all three kinds are found throughout the 
|)eat i-egions, the filled-basin ty^x* i>redominates. Built-up peat 
forms on ai*eas where the drainage is so greatly interrupted that 
the soil iRM'onios j)ermanently saturated with moisture. As shown 
by deep test l)orings, large areas now covered with built-up peat 
are underlain by fine-grainerl peat composed of the remains of 
aquatic plants, indicating that the built-up stage was preceded by 
a long period of subaqueous peat formation. The most extensive 
deposits of lake and built-up peat are in the Great Lakes region and 
the New England States; and the most extensive deposits of marsh 
I)eat are in the Atlantic Coast States. Large climbing bogs are found 
in Maine, and some arc found in other New England States. 

riiORAL TYPES. 

As classified according to dominant plant growth, the eight com- 
mon types of peat areas are as follows: (1) Pondweed basins, (2) 
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grass-sedge marshes, (3) sphagniim-heath bogs, (4) cedar swamps, 
(5) spruce swamps, (6) tamarack swamps, (7) gum swamps, and 
(8) cypress swamps. 

PEAT-FORMING FLORAS. 

FILLED BASINS. 

Beginning at the center of basins filled with water and proceed- 
ing shoreward, the usual sequence of vegetation, depending to a large 
extent upon the depth of the water, is algae and stoneworts, pond- 
weeds, water lilies, bulrushes, and amphibious sedges. (See PI. III.) 
Sphagnum and heath shrubs sometimes grow on the marginal zones 
and are abundant on the quaking bogs of the Northern States. In 
the northern peat region a growth of tamarack and spruce is often 
found near the water, and in the Atlantic coastal area a zone of gum 
and cypress, but these trees are not large contributors to the filled- 
basin peat. Adjoining zones of vegetation usually overlap, and 
some plant zones may be absent. As the quantity of surface and 
underground water and the acidity or alkalinity of the underground 
water largely determine the flora of a region, and as the gradual 
accumulation of peat lessens the depth of the water in a peat-form- 
in^ basin, the vegetal sequence mentioned gives a fairly reliable 
index to the general dominant plant associations that successively 
enter into the development of a fiUed-basin peat deposit. 

The following stages of plant growth usually predominate in the 
order given in peat- forming basins that contain alkaline waters: 
(1) Stonewort and water weed {Chara-Philofria association), (2) 
pondweed and water lily {Potamogeton-Nymphaea association), 
(3) rush and wild rice (Scirpus-Ziznnia association), (4) meadow 
sedge and grass {Carex association). 

Some filled-basin peat deposits, however, because of the influence 
of fire, drought, and drainage, were not formed by the successive 
growth and decay of all these plant associations. Changes in the 
surface water from alkaline to acid also affect the composition of 
the floras. Fine-grained algal peat is usually found at the bottom of 
filled-basin deposits, indicating that they liad at least a normal 
origin. This material is generally overlain by strata of weed, sedge, 
and grass peat. Algal peat is usually not found in shallow filled- 
basin deposits, showing that the second plant association took root 
in the shallow water soon after the basin was formed and prevented 
the dominance of algae and other cryptogamic plants. The mass of 
peat in some filled-basin deposits consists of fibrous material pro- 
duced ohiefly by the decomposition of sedges and grasses, indicating 
that the meadow stage predominated for a long time. If a filled- 
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basin peat deposit is destroyed by fire, the first stage in the usual 
succession of plant growth is often resumed after the basin is again 
filled with water, hut if subjected to drainage or drought the earlier 
stage in the succession of vegetation may, if like conditions prevail, 
Ije replaced l)y l>og-heath plants. 

BUILT-irP BOGfi. 

As built-up peat accumulates on level or gently sloping sut&gcs 
the plant associations that successively predominate in peat-form- 
ing basins do not materially enter into its formation. As shown 
by Plate III, the stages of plant growth that contribute to buili-np 
peat are as follows: (1) Bog-heath (Andromeda-Ledum asBodi- 
tion) ; (2) tamarack-spruce (Ldrix^Ledam association) in thenortii- 
ern region; or (3) gum-cypress (Nyssa-Taxodium association) in 
parts of the Atlantic coastal region. 

When buih-up deposits are consumed by fire the process of peat 
formation again l)egins with the bog-heath stage, unless the area sur- 
rounding it is overgrown with trees, and then it is sometimes re- 
sumed with the more advanced stage. The permanent flooding of % 
built-up bog would convert it into a marsh, and if drained to th6 
depth of a few feet the formation of peat in built-up bogs is usually 
stopped. 

As built-up deposits are largely formed by heath shrubs and 
mosses, the peat usually consists of the remains of only a few plant 
forms and is therefore relatively homogeneous. Often the peat con- 
sists almost entirely of partly decayed sphagnum, esi)ecially in the 
coniferous forest region. Some built-^up deposits are overgrown by 
plants of the same kind that formed the mass of the peat in them, 
indicating unifoim climatic and topographic conditions for a long 
time. In many deposits, however, the floral development is mM 
advanced and heath shrubs and trees predominate. Many extensive 
built-up bogs in the coniferous forest areas of the Northern States 
are in the heath or tree stage. 

COMPOSITE ABEAS. 

As composite peat areas consist of filled-basin peat overlain by peit 
of built-up origin they can not be distinguished from built-up deposits 
by surface criteria. Their history can be ascertained only by numer- 
ous test borings and by careful study of the topogi*aphy and of the 
plant remains. All the normal stages of plant development may enter 
into the formation of composite peat, and many of the deposits there- 
fore contain successive strata of algal, rush, grass, sedges, sphagnum, 
shrub, and tree peat. 
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PEAT IK THE TJinTED STATES. 11 

PROCESSES OF FORMATION. 

FILLED BASIN& 

Fresh-water peaJt. — Most of the peat deposits of this c»untry were 
formed by the accumulation of plant debris in ponds, fresh-water 
marshes, and lakes and are called fiUed-basin deposits. (See PI. III.) 
The numerous peat-forming lakes and ponds in all developmental 
stages found in many parts of the Great Lakes and New England 
States afford ample evidence of the processes by which the other 
deposits formed. Test borings usually show that fine-grained peat 
produced by the decomposition of algae and other cryptogamic plants, 
the first to grow in deep water, constitutes the bottom layer of the 
deep deposits. Coincident with the formation of algal peat in the 
deep water, pondweeds, water lilies, sedges, and other plants that take 
root in shallow water established themselves on the margins of the 
basins. Thus the basins were gradually filled with plant d^ris from 
the bottom and from the shores. The formation of algal peat is rela- 
tively slow, but after the water becomes shallow enough for the 
growth of pondweeds and sedges in all parts of the basin the peat ac- 
cumulates rapidly and soon fills the depression. When and where the 
surface of the deposit is raised to the general level of the surrounding 
country, herbs, sphagnum, and heath shrubs appear, and if moisture 
is abundant, the fiUed-basin process will be followed by the formation 
of built-up peat 

tSaJi-marsh pecct, — Salt-marsh peat, though formed in practically 
the same manner as fresh-water peat, differs from it somewhat in 
character. Few seed plants tolerate salt water, and the number of 
plant varieties found in salt marshes is therefore rather small. The 
most common types are salt-marsh grasses, rushes, and sedges. The 
entire vegetation of some of the New England salt marshes consists 
of one dominant and two or three subordinate species. 

In some of the coastal marshes of New England salt-marsh peat 
is underlain by peat of fresh-water origin, indicating the subsidence 
of that part of the Atlantic coast. Bastin and Davis ^ in discussing 
the origin of certain peat deposits on the coast of Maine said in 
substance : 

Some persons tbink that these overlying strata of salt-water peat were formed 
In bays or Inlets which had been cut off from the ocean by barrier beaches and 
to which salt water was sul>sequently admitted by wave or current action. 
This explanation, however, is not satisfactory, because the salt-water peat, 
which was formed from the remains of plants similar to those now growing in 
these marshes, plants that can not exist even a few inches above their present 
level. Is 8 feet thick or more in many places. It therefore seems Improbable 

^ BMtIn, E. 8., and Davli^ C. A., The peat depodta of Maine : U. 8. Oeol. Barvey BaU. 
t76, pp. 20-21, lOOe. 
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that the salt marshes in which this material accnmnUted were made by tlie 
action of waves or currents. A more plausible explanation of the character of 
these deposits presupposes the gradual subsidence of a coast containing scat- 
tered fresh-water marshes in wliich peat was forming. As the sinking of tbe 
coast continued these marshes were filled with salt water, and peat formed 
from the decay of salt-water plants was deposited upon the fresh-water pest 
If this theory is correct the thicloiess of the salt-water peat indicates that tbe 
coast has been sinking at the rate of about a foot a century. As the fresh- 
water <leposits are both underlain and overlain by salt-water peat in some places 
it seems that a slight uplift of the coast preceded the present period of sub- 
sidence. 

BTJILT-UF . BOOS. 

Peat deposits formed by the accumulation of plant matter on 
level or gently sloping surfaces are called built-up bogs. Plate II 
illustrates a typical built-up bog. Mosses, grasses, herbs, and heath 
shrubs contribute the dead vegetation, and the water, though it may 
never rise above the surface, is progressively elevated as the peat 
collects. Surface conditions are little changed from year to jear^ 
and hence built-up bogs are relatively homogeneous in structure. 

COMPOSITE ABEAS. 

When a basin deposit is filled with peat to the level of the sur- 
rounding country it is mature, and if the moisture is sufficient the 
built-up process begins. Mosses, herbs, and heath shrubs displace 
the pondweeds, water lilies, sedges, and like plants, and thenceforth 
the deposit develops the same as if it had originated on a relatively 
level land surface not covered with peat. The result is a composite 
peat deposit. The peat may accumulate to a thickness of many fert 
above the former water level in the basin. Composite areas are 
recognized by a marked change in the structure of the peat where 
the pondweeds, water lilies, and sedges were displaced by bog plants. 

RATE OF FORMATION. 

As the formation of peat depends upon many factors the rate 
of its accumulation varies widely from year to year. If the climate, 
topography, and vegetation are favorable, peat forms rapidly; but 
if one or more of these is relatively unfavorable, the rate of accumu- 
lation is retarded. Although most of the large deposits of peat in 
the United States have been examined, no definite evidence has yet 
been obtained to show the rate of their formation. Even under the 
most favorable conditions it is too slow to be measured by ordinary 
observation. Persons who have lived near peat-forming basins for 
half a century are unable to see the slightest change in the appearance 
or depth of the peat, although careful examination shows that it has 
been forming continuously. Dana ^ gives the rate as 1 foot in 5 or 10 

' Dana, J. D., Manual of geology, 4th ed., p. 164, 1895. 
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years, but this probably far exceeds the average rate of formation in 
the United States. The only reliable means of making even a rough 
estimate of the rate at which peat is formed seems to be to estimate 
the average thickness of some of the largest deposits in the Great 
Lakes States and the time that has elapsed since the Wisconsin stage 
of glaciation. As already stated, most of the peat deposits of the 
Great Lakes States originated in glacial lakes and ponds or on flat, 
poorly drained areas formed by topographic changes due to glacia- 
tion. By assuming that peat began to accumulate in certain typical 
lakes and ponds soon after the final recession of the ice sheet, that 
10,000 to 30,000 years have elapsed since the close of Wisconsin 
glaciation, that the average thickness of these deposits is about 18 
feet, and that the formation of the peat was uninterrupted, we may 
compute the average rate of accumulation per century at 0.72 to 2.16 
inches. But as field study shows that fire, flood, and drought have 
interrupted the formation of peat in many of the large deposits 
these figures are only speculative, and as the water level in practi- 
cally all peat areas varies with fluctuations in annual precipitation 
(and such variations materially affect the formation of peat) it is 
evident that the rate of formation in most peat deposits has not been 
imiform. 

PROPERTIES OP PEAT. 

PHYSICAL COMPOSITION. 

GENEBAIi FEATURES. 

Native peat consists of partly decayed vegetable matter, inorganic 
minerals, and water in varying proportions, the usual ratio being 
10 per cent of solid matter to 90 per cent of water. In specific 
gravity it ranges from 0.1 to 1.06 and in weight from 7 to 66 pounds 
per cubic foot. Aside from its high water content, peat is extremely 
variable, and scarcely any two deposits contain material that is ex- 
actly similar in physical properties. This diversity is due to many 
causes, the most notable of which are the variety of plants from 
which the peat was formed, and differences in climate, in the ages 
of the deposits, in water level, and in the quantity of sediment de- 
posited during the accumulation of the peat. 

TEXTURE. 

The texture of peat depends upon the kinds of plants from which 
it was formed and the physical conditions under which it accumu- 
lated. Peat formed from algae and mosses is fine grained and com- 
paratively homogeneous, whereas peat produced by the decay of 
grasslike or woody plants is generally fibrous and poorly decom- 
posed unleflB decay has progressed unusually far. Peat formed by 
the decomposition of shrubs and trees is generally woody in stnic- 




14 PEAT IN THE UNITED STATES. 

ture. Dead vegetation of any kind that is exposed for long periods 
to the free action of fungi and bacteria becomes thoroughly disin- 
tegrated and fine in texture. Peat that accumulates in river valleys 
and lakes whose water contains much sediment is usually too impure 
and contains too much ash for commercial use. 

The following classification* of peats by physical characteristics 
includes all types found in the United States : 

Turfy peat — Consisting of slightly decomposed mosses and other peat-produc- 
ing plants, having a yellow or yellowish-brown color, very eoft, spongy, and 
elastic ; specific gravity, 0.11 to 0.26, tlie foil Engliah cubic foot weighing from 7 
to 16 pounds. 

Fibroui peat — Unripe peat which is brown or black in color, less elastic than 
turfy peat, the fibers either of moss, grass, roots, leaves, or wood, distinguish- 
able by the eye, but brittle and easily broken ; specific gravity, 0.24 to 0.67, the 
full cubic foot weighing, accordingly, from 15 to 42 pounds. 

Earthy peat. — ^Nearly or altogether destitute of fibrous structure, drying to 
earthlike masses which break with more or less difficulty, giving lusterless sur- 
faces of fracture ; specific gravity, 0.41 to 0.90, the full cubic foot weighing from 
25 to 56 pounds. 

Pitchy peat. — Dense ; when dry, hard ; often resisting the blows of a hammer, 
breaking with a smooth, sometimes lustrous fracture into sharp-angled pieces; 
specific gravity, 0.62 to l.OB, the fuU cubic foot weighing from 3S to 65 pounds. 

The peat deposits of Minnesota, Wisconsin, and Michigan were 
produced chiefly by the decomposition of mosses, sedges, grasses, 
heath shrubs, and trees, and their texture varies from fibrous in the 
upper layers to plastic in the lower. The deposits of Iowa, Illinois, 
Indiana, Ohio, Pennsylvania, New York, and New Jersey consist 
largely of the remains of grasses, mosses, rushes, cat-tails, and reeds, 
and are somewhat similar in texture. On the whole, however, the 
peats of the second group, those of the southern Lake States, are 
more fibrous than those of the first, and, except in northern Indiana 
and northeastern Pennsylvania, are relatively free from the remains 
of sphagnum moss. Sphagnum peat is abundant in the bogs of north- 
ern Minnesota, Wisconsin, and Michigan and in Maine, and some is 
found in the other New England States and New York. Pondweeds, 
pond lilies, heath shrubs, rushes, cat-tails, and coniferous trees were 
also large contributors to the peats of Maine and of the other New 
England States. Grasses are the dominant form of plant life in the 
salt marshes on the New England coast, notably the genus Spartina, 
and grass peat is therefore abundant in this area. The peats of the 
Atlantic Coastal States south of New Jersey are very different in com- 
position and texture from those of the Great Lakes region and the 
New England States. There is relatively little sphagnum in the 
Atlantic coastal region, and both coniferous and deciduous trees con- 

* Johnson, S. W.^ Peat and its uses, pp. 95-06, New 7ork, 1S66. 
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tributed a large proportion of the vegetable debris from which the 
peat was formed. 

CX)LOR. 

Peat ranges in color from light yellow through various shades of 
brown to jet black, the color representing in a measure the degree of 
decomposition. Peat that is new or that has been well protected from 
the air is usually light yellow or brown ; well-decomposed humified 
peat is jet black. Green peat, produced by the decomposition of algae 
and related aquatic plants, is found at the bottom of some fiUed-basin 
deposits. On drying in the air most j^eats become brighter in color, 
except the very light varieties, which usually change to dark brown 
or black after being macerated and dried. Peat that is red, gray, or 
white in spots or feels very gritty when cinished between the teeth 
contains too much inorganic matter for commercial use as a fuel. 



WATER-HOLDING CAPACITT. 

The affinity of peat for moisture is proverbial. In fact, as pre- 
viously explained, peat can not form unless the plant debris is satu- 
rated or covered with water. The peat in most deposits contains 
about 90 per cent of moisture, which is held both mechanically and 
chemically in the plant cells and intercellular spaces. In other words, 
a short ton of typical raw peat consists of about 200 pounds of solid 
matter to 1,800 pounds of water. The reduction of this high con- 
tent of moisture is the paramount necessity in the commercial utiliza- 
tion of peat. Many attempts have been made to remove the excess 
moisture by compression, but it resists the strongest pressure obtain- 
able and can be materially reduced economically only by evaporation. 

Relation between solid and liquid constituents of a ton of typical raw peat a# 
its icaier content is progressively redua'd from 90 to 10 per cent.^ 



Percent 
of water 
in peat. 


Quantity 
of water 

eliminated 

for each 
reduction of 

10 per cent 

(pounds). 


Cumulative 
quantities 
of water 
eliminated 
(poimds). 


Weight of 

peat aft er 
each 10 
percent 

reduction 
of water 
content 

(pounds). 


Quantity 

of water 

(pounds). 


Quantity 
ofsolidT 
matter 

(pounds). 


90 
80 
70 
60 
60 
40 
80 
20 
10 






2,000.0 
1,000.0 
666.7 
500.0 
400.0 
338.3 
285.7 
250.0 
222.2 


1,800.0 
800.0 
466.7 
300.0 
200.0 
138.3 
85.7 

5ao 

22.2 


200 
200 
200 
200 
200 
200 
20O 
200 
200 


i,ouao 

833.3 
106.7 
100.0 
66.7 
47.6 
3&7 
27.8 


1,000.0 
1,333.8 
1,500.0 

i,6oao 

1,666.7 
1,714.3 

i,75ao 

1,777.8 



•DaTls, C. A., Uses of peat for Aiel and other purposes: Bar. Mines Bull. 16, p. 
110, 1911. 
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Tba accompanying diagram (fig. 1), which is based on tbe forgo- 
ing table, shows graphically the relation between the weight and 
water content of raw peat 
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POUNIM OP WATtR EVAPORATED 

rtODUl 1. — DUcram showlDs reUtloii between (lie welsbt and watpr content of a ton of 

raw peat at different Macea of eraporatlon. 

OHEUCAIi COKPOSITZON. 

OBNEHAI. FEATDBES. 

A detailed study of the chemical properties of more than 600 
samples of peat taken from deposits in different parts of tb^e p«at 
re^ons of this country leads to the following conclusions: 

Peat consists of carbon, hydrogen, oxygen, and relatively small 
quantities of nitrogen. Although the exact atomic relations of its 
principal elements are not known and probably are not constant, the 
formula C„H,jO„ is typical. The composition of pent is illustrated 
by the following analysis (ash and moisture omitted) : 

CompotUion of peat. 

Carbon _ 59.50 

HyOrogen 5.50 

Oxygen , 33. 00 

Nitrogen 2.00 

100.00 
The quantity of " fixed " or " free " carbon generally ranges from 
10 to 60 per cent, the remainder being combined with other elements. 
Volatile matter usually ranges from 25 to 70 per cent and moisture 
from 15 to 30 per cent in air-dried peat. As (he volume of oxygen 
is relatively high, good peat ignites readily and bums freely, leaving 
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little unconsumed residue. Sulphur usually ranges from 0.2 to 0.6 per 
cent and nitrogen from 1 to 4 per cent, the average for nitrogen be* 
ing about 2 per cent 

The ash in native peat, which renders it more or less impure, con- 
stitutes from 3 to 30 per cent of its dry weight and is traceable 
either to the plant cells or to the mineral matter carried in suspen- 
sion or solution by the water in which the peat formed. The in- 
organic impurities of peat consist of silica, alumina, iron oxide, mag- 
nesia, lime, soda^ potash, sulphuric acid, chlorine, and phosphoric 
acid. If the ash content exceeds 8 per cent, it is due to the mineral 
matter in the water that covered the peat during formation, and it 
usually consists of silica in the form of sand or silt or of alumina 
and silica in the form of clay. Mineral constituents other than 
silica and alumina in excess of 8 per cent are not common in peat 
and where found may be traced to the local ground and surface 
waters. The ash content of the best peats in the United States 
ranges from about 6 to 12 per cent, though many of the largest 
deposits in the Great Lakes area contain 15 per cent. 

The following table shows the composition of the ash in three 
samples of typical New England peat * : 

Analyses of the <ish in Cannecticut peat. 



Inoi^anic impurities. 



Sand 

Carbonic acid 

Soluble silica 

Iron and alaminum oxide 
Ma^iiC8ia« •••••••••••••••• 

Lime 

Soda 

Potash 

Sulphuric add 

Chlorine 

Phosphoric add 



12.11 

19.60 

8.23 

ft. 17 

6.06 

41.39 

. do 

.60 

5.52 

.15 

.50 



100.00 



15.04 

22.28 

1.40 

9.06 

4.20 

35.50 

.00 

.80 

10.41 

.43 

.n 



} 



100.00 



3 



67.01 



15.50 
1.05 
6.60 
Trace. 
3.46 
4.04 
.70 
1.55 



100.00 



If the inorganic impurities of decayed vegetation are much in 
excess of 30 per cent the material should be classed as muck rather 
than peat. 

VALUE OF FEAT AS A FERTILIZER. 

The value of peat in soil fertilization lies in its content of nitrogen 
and humus and in the beneficial mechanical effect it produces on 
certain lands. Black, well-decomposed peats are the most satisfac- 
tory ordinary fertilizers, for they are generally heavier and more 
compact and contain more nitrogen and less fibrous material than 
the brown peats. Kaw, strongly acid peats, however, should be used 
in fertilizing soil intended for the growth of acid-tolerant crops. 



« J«liaiKm» 8. Wn Ptat and Its tues, pp. 47-49^ Mew Tork, 1866. 
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VALUE OF FEAT AS A FUEL. 

The value of peat as fuel is dependent upon many factors, chief 
of \7hich are the degree of decomposition, heating value, and ash 
content. Coarse-textured, fibrous peat is inferior for fuel to black, 
compact, thoroughly decomposed peat, except kinds that contain a 
very large proportion of ash. The heating value of good moisture- 
free peat, which ranges from 7,000 to 10,000 British thennal units 
per pound, is determined chiefly by its content of fixed carbon and 
ash. Though the ash is inert, it displaces an equal volume of com- 
bustible matter and absorbs heat in maintaining its temperature at 
the same degree as the accompanying carbon. Salt-marsh peat gen- 
erally contains a large quantity of sodium chloride and other inor- 
ganic minerals, and is therefore of little value as fuel. The maxi- 
mum quantity of ash that is usually considered allowable in peat for 
commercial use as fuel has been placed between 20 and 25 per cent, 
but if it exceeds 20 per cent of the total dry weight the peat is scarcely 
worth the labor of production. Though peat containing from 10 to 
12 per cent of ash is good, in Ireland peat is not considered first-class 
fuel if the ash content exceeds 5 per cent. 

The following table shows the calorific value of peat as used com- 
mercially compared with other fuels : 

Comparative calorific value of peat and other fuels. 

British 
thermal units. 

Wood 5, 760 

Air-dried cut peat 6,840 

Air-dried machine i>eat 7,290 

Lignite 7,500 

Bituminous coal 14,000 

Anthracite 13,000 

In calorific value a ton of machine peat is equal to about 1.3 tons 
of wood, 0.5 ton of bituminous coal, and 0.6 ton of anthracite. 

ANALYTICAL METHODS. 

The chemical composition of peat, like that of coal, is usually de- 
termined by proximate and ultimate analyses. Percentages of mois- 
ture, volatile matter, fixed carbon, and ash are shown by the proxi- 
mate analysis, and those of hydrogen, carbon, nitrogen, oxygen, sul- 
phur, and ash by the standard ultimate analysis. The calorific value 
of the peat, both as received in the laboratory and moisture free, 
is then determined in calories, from which the value in British ther- 
mal units is calculated. The heating value of peat of any moisture 
content up to 30 per cent may be ascertained by deducting for each 
per cent of moisture 1 per cent from the calorific value determined as 
of water-free peat A full description of the methods of making 
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chemical and calorimetric analyses of peat is given in Technical 
Paper 8 and Bulletin 16 of the United States Bureau of Mines. 

The analyses of samples taken during the progress of field work 
for this report were made under the supervision of H. M. Cooper, 
of the United States Bureau of Mines. The samples were air-dried 
to about 50 per cent moisture in the field and sent to the laboratory, 
in canvas bags. 

ANALYSES. 

The following tables give a large number of analyses of moisture- 
free peat made for this report, as well as of raw samples shipped to 
the laboratory in air-tight containers and tested in their native condi- 
tion. Many of the tables were taken from Bureai^ of Mines Bulletin 
16 and from reports issued by State geological surveys and other 
organizations. 

OONVEOTZOVT. 

Analyses of moisture-free peat and muck, 
[H. M. Cooper, Bureau of Mines, analyst.] 



Lo- 
cal- 

No. 



1 
1 
2 
3 
6 
6 
6 
6 
6 
6 
7 
8 
9 



County. 



Fairfield... 

Do 

Hartford... 
Middlesex.. 
New Haven 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

New Haven 



Anal- 
ysis 
No. 



Proodmate. 



Ultimate. 



Calorific value. 



Vola- 
tUe 

mat- 
ter. 



57 

68 

S9 

60 

53 

53a 

53b 

53c 

53d 

54 

55 

56 

61 



53.54 
53.52 
44.18 
40.04 
43.49 
43.63 
4a 52 
40.26 
57.54 
46.05 
19.12 
49.93 
19.39 



Fixed 




car- 


Ash. 


bon. 




29.39 


17.07 


34.63 


12.85 


4.09 


51.73 


1.71 


58.25 


31.40 


25.11 


29.11 


37.26 


29.03 


30.45 


29.14 


3a 60 


29.71 


12.75 


23.38 


3a57 


8.34 


73.54 


24.21 


25.86 


&28 


72.33 



Sul- 
phur. 



a65 

.51 

.42 

.24 

2.98 

2.48 

2.71 

3.46 

3.79 

2.06 

1.71 

2.43 

1.12 



dro- 
gen. 



4.14 
4.29 
3.80 
3.68 
4.46 



Car- 
bon. 



Ni- 
tro- 
gen. 



41.58 
4a 66 
38.23 
38.46 
49.95 



2.06 
1.95 
1.32 
1.48 
2.03 
2.28 
2.09 
1.69 
1.98 
2.08 

.54 
1.92 

.75 



Oxy- 
gen. 



24.16 
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27.07 



Calo- 
ries. 
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3,805 



4,646 



4,071 



Brit- 
ish 
ther- 
mal 
units. 
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7,181 
7,011 



8,362 
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Analyses of moisture-free peat. 
[Furnished by E. A. Heals.] 



Looality. 


No. of 
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sis. 
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(acres). 


Depth 

(feet). 


Vola^ 
tUe. 


Fixed 
carbon. 


Ash. 


Sul- 
phur. 


Nitro- 
gen. 


Calo- 
rific 
value 
(British 
thermal 
tmits). 
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PBOFBBTIBS OF FEAT. 

ILLDTOU. 

AnolvHa of moUturvfree peat and mvck. 

[H. M. Ccnp«, Bnnui ol Mtnu, ainlftt.) 







Ansl;- 
No, 




C^ciriflov«lu«. 


Comty. 


i 


FUed 
carbon 


"-■ p£. 


Nitto- 
gan. 


Clo- 
nes, 


BriOab 




1 


103 

304 
308 
308 

1 

31? 


Biiao 

as 

i;i 

U.S7 
83. M 

|S 

8s!«8 
83.18 

ta'.oi 
SIX 


11 

11 
1:2 

18.05 

11 

33. M 
31.38 
8.48 
17. 7S 


17.40 3.38 
31.74 3.43 

E-s J 
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».13 .3S 
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nrDUXA. 

jlNaIv<e# 0/ moUture-free peat. 

[H. H. Co<wer, Bomn of Hlnem, auUrM.] 
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«.7» 

4a B3 

40.78 
42.33 

Is 
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PEAT IN THE UNITED STATES. 
Aitatvt«t of atr-dried peat* 

IB. K. Lyiau, Uolnnlty ot Indtnm.miuljM .1 



LootUty. 




VoblUt 


Fbnd 


Cokt. 


JUh. 


eat- 
piuir.» 


mtm. 


Oomtj. 


B«tl«. 


T.N, 


R. E. 




«.b-. 








1 
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T1.S1 

is 


11 


11 

U.47 


si 

U.83 


0.74 

:| 

























• Tkykt.A.B^TtwintdsiHritaadiorthKiiIaillmiiK lodlum Dcpt. Owdscy ud Nat.BM. 

batAiui.BMt.,p.iil;igaa. 

t TbaMmpMwtra oraD drlad b«fcn tba BaJ^iir eODlait mi detamlncd. 



fWI Milne ©r peal oven-dried at 105' C. 

[R, E. LTmi,i;a)Ta:Mt7g<lDdUiu,ai«lT>t.) 
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ZOWA. 

Analyses of air-dried peat. 



LocaKtj. 


Labora- 
tory No. 


Proximate. 


Calorillo 


County. 


Town/ftiip. 


Moifltore. 


VolatUe 
ai^ com- 
bustible 
matter. 


Fixed 
carbon. 


ABh. 


value 
(Britiflh 
thermal 
units). 


CffTO Gordo 


Cil^fJ,^]^ 


594 
595 
598 
596 
854 
647 
636 
514 
499 
597 
563 
489 
490 
533 
492 


7.30 

7.97 

11.81 

7.99 

&66 

7.55 

ia51 

ia07 

ia85 

11.91 

5.89 

19.74 

19.61 

1L27 

18.26 


5a 71 
52.94 
45.03 
52.61 
52.47 
54.57 
51.61 
55.10 
5a71 
5a 23 
63.59 
49.60 
48.07 
5L18 
49.57 


17.10 

laoo 

23.51 
15.47 
15.38 
15.67 
13.80 
14.66 
13.29 
17.02 
ia39 
12.18 
13.49 
13.32 
13.03 


24.89 
22.49 
19.66 
23.03 
23.49 
22L21 
24.09 
2a 18 
25.15 
2a 84 
14.13 
18.48 
18.83 
24.28 

iai4 


a462 
7.122 


Do 


Grant 


Do 


THik« 


6^125 

7,600 
7,278 
6^811 
7.418 


Do 


Mount Vernon 


Fr»n|riln , . 


n^n^fork... . 


Crystal ... . 


Komitli 




Winnf^ag^, , 


Center 


iS?z!. .:..:: 


do 


7^160 
6^006 
8^431 
6^624 
6,764 
6^051 
6^880 


Do 


Norway 


Do 


MountVal^ 


Worth. 


Bristol 


Do 


do 


Do 


Hortland 


Do 


BilyerLake 







• Bejer, S. W.« Peat deposits in Iowa: Iowa Geol. Survey, vol. 10, pp. 725-730, 1906. 
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PEAT IN THE UNITED STATES. 



XAMAOKVSXTTS. 

Analyses of moisture-free peat and muck. 
(H. M. Cooper, Bureau of Mines, analyst.] 



Lo. 
eal. 
ity 
No. 


County. 


An. 

alysis 

No. 


Proximate. 




Ultimate 


>. 


Calorific 
value. 


Vola. 
tile 

mat- 
ter. 


Fixed 
oar^ 
bon. 


Ash. 


Sul- 
phur. 


dro- 
:«en. 


Car- 
bon. 


Ni- 
tro- 
gen. 


Oxy. 
gen. 


Calo- 
ries. 


Brit* 

ish 

ther 

mal 

onits. 


1 
2 


Berkshire 

Essex and Suf- 
folk 


48 

45 
45a 

47 

20 

27 

29 

80 

31 

32 

84 

34a 

35 

30 

37 

38 

39 

40 

41 

44 

42 

42a 

42b 

43 

40 

4Qa 

02 

03 

28 


57.05 

14.75 
84.02 
4&29 
07.45 
19.01 
22.40 
47.17 
45.93 
4a 14 
82.36 
19.96 
10.78 
21.95 
17.81 
2a 05 
14.55 
27.33 
42.13 
35.90 
5a08 
4L28 
43.10 
52.90 
23.22 
15.49 
50.00 
4a 20 
32.19 


33.21 

5.53 

9.97 
33.03 
28.51 

4.07 
2a 01 
47.02 
4a 99 
39.03 
32.34 
11.28 
14.75 
1&50 
3a 39 
18.15 

8.75 
3a 50 
39.88 
4a 58 
35.82 
50.02 
4a 18 
44.30 
ia2S 
11.13 
29.97 
23.31 
2a 13 


9.14 

79.73 
55.41 

laoo 

4.04 

7a 32 

51.53 

a 81 

7.08 

2a 23 

sa3i 
oa74 
oa47 

59.55 
51.80 
01.40 
7a 70 

4a 17 

17.99 

15.40 

7.50 

a70 

ia72 

2.74 

5a 53 

73.38 

13.97 

30.49 

39.08 


a58 

1.32 

1.07 

3.84 

.25 

.10 

.55 

.30 

.21 

.37 

1.53 

1.31 

1.38 

.03 

.52 

.30 

.40 

LIO 

.50 

.44 

.57 

.80 

.43 

.41 

.43 

.25 

.39 

1.32 

1.29 


4.80 


52.90 


2.a2 

.04 
1.51 
2.08 
L79 
1.00 
1.25 
1.90 
1.38 
1.82 
2.13 
L14 

.96 

.96 
1.00 
1.19 

.82 
1.41 
2.29 
L83 
1.89 
L95 
2.01 
1.55 
1.47 

.97 
1.72 
1.01 
1.32 


2a 90 


4,955 


8,919 


2 


do 












3 


Essex 






87.96* 


4,300 
5,090 


7,866 


5 



Middlesex 

do 


5.24 


5a 78 


9,173 


9 


do 


2.90 


2a 72 


14.90 
'i9.'53* 

iai9 


3,748 
5,214 
6,453 
4,011 


4,9M 


10 


do 


9386 


11 


do 






9,815 


11 


do 

do 






8,200 


13 


3.83 
2.28 


37.07 
ia39 


13 


do.... 






15 


do 

do 

do 

do 

do 

. . . ..do.... 






10 












19 












20 












21 












22 












23 


do 






*8a6i' 

29.55 
2a 25 

*ii*42" 
a35 


4,008 
4,8n 
5,138 
4,964 
4,808 
5,388 


8,707 
8,971 


24 


do 

Norfolk 

do 






28 
28 


4.81 
4.55 

4.48 


55.22 
54.75 
5a 11 


28 


.... .do. ......... 


8,781 
90M 


29 


do 

do 


30 


2.58 
1.57 


24.58 
14.48 




30 








30 


Worcester 

do 

do 


6,088 


9,1SB 


37 








38 
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Analyses of peat/^ 
[F. M. Stanton, U. S. Geological Survey, analyst. 



LocaUty. 



ESSEX COUNTY. 

Lynnfield 



MIDDLESEX COUNTY. 

East Lexington 



Labora- 
tory 
No. 



Condi- 
tion of 
sam- 
ple.* 



East Lexington (ma- 
chine peat) 



NORFOLK COUNTY. 

Norwood (Neponset 

Meadows bog) 

Norwood 

Norwood (machine 
peat) 



eOOll 
«i0012 



<>0013 
d6014 



<f6622 



ce015 
tiOOlO 



<i6623 



Proximate. 



Ulti- 
mate. 



Mois- 
ture. 



1 
1 
2 

1 
2 



1 
1 
2 

1 

2' 



90.18 
21.17 



89.98 
28.95 



15.83 



89.37 
49.02 



20.04 



Vola- 

tUe 

matter. 



Fixed 
carbon. 











46.34 
58.79 


23.38 
29.65 


9.11 
11.56 


a 61 

.77 



35. 
50. 

45. 
54. 



94 
59 

56 
13 



29. 
57. 

45. 
67. 



32 
51 

27 
01 



Ash. 



Sul- 
phur. 



18.28 
25.72 

25.83 
30.09 



lass 

23.69 ! 

12.78 ; 
15.18 i 



.41 

.58 

.39 
.46 



17.19 
33.72 

27.46' 
34.61 



4.47 i 

8.77 j 

a63 I 
8.35 



.30 
.59 

.43 
.54 



Air- 
drying 
loss. 



Calorific value. 



Calo- 
ries. 



89.50 

15.40 i 4,004 
5,079 



89.30 
23.90 



7.90 



88.40 
44.70 



14.10 



3,067 
4,345 

4,061 
4,813 



2,613 
5,126 

4.104 
6,171 



Britisb 

tbemtfl 

units. 



7,!»7 



6,557 
7,ffll 

7,2« 
8,flB 



4,W8 

7,387 
9,306 



• Davis, C. A., The uses of peat for fuel and other purposes: Bur. Mines Bull. 16, pp. 196-197. 1911. 
• 1, Native peat. 2, Moisture-free peat. « Bottle sample. « Back sample. 



FBOFBBTTRS OF PEAT. ' 

moKioAS. 

Analyaet of moittare-frce peat and miiclc. 



:h.u.c 



luolUlnei.Uialyit.) 



Iscal- 






^.™. 1 


JIUmMa. 


CaloriflcTiliif. 


Count)-. 


VoU- 


crbon 


«... ff 


il. Nl 
jr. gc 


r 


Olo~ 




, 


DlDklDioa 


161 

am 

Ml 
383 

WO 

i 
1 

MM 

ua 

1 


M,30 
X.M 

was 

II 

3B.»2 

35. M 
37.18 

St SI 
ZJ.M 

If 

G3.M 


2a 30 
4S.1S 

IS^M 

II 
1 

37.19 

28.10 
13. 08 
31. « 
3.90 

Is 

17.84 
31.00 
U.2S 
U.M 
41. M 

11 

«,n 

M.ia 




*» 

38 

M 1 

33 

«1 

38 

80 

1 
I 

i 

30 


s 

1 
i 

u 

18 
24 

88 
78 

n 

1 

n 

39 
M 

« 


4,103 


irr, 






1 

1 

31 

V 
28 

as 

SI 

: 
11 


M 
<» 

58 

M 

»s 

58 

» 

ra 1 

a 

i ! 

1 

38 








».m 














t 






j 


*,T2S 


».m 






!;S 




















4;«4 




























































IS 




is 


« 












4T8T 
IS? 

siaoi 


If 

e.oTi 






\l 








in 


■"■■^"- 








::iS 




"" 



36 



PEAT IK THE UITITBD STATES. 
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PBOPBBTEES OF PEAT. 
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VXW SAMPSHZaX. 



Analyses of moisture-free peat and muck. 



[H. If. Cooper, Bonau of Mines, analyst.] 





• 
County. 


Sam* 

pie 

and 

anal- 

fio! 


Proximate. 


Ultimate. 


Calorific value. 


IxMal- 

ity 

No. 


Vola- 
tile 

mat- 
ter. 


Fixed 
car- 
bon. 


Ash. 


Sul- 
phur. 


Hydro- 
gen. 


Car- 
bon. 


Nitro- 
gen. 


Oxy- 
gen. 


Calo- 
ries. 


British 
ther- 
mal 
units. 


1 


Cheshire 

do 

Hfllsboroogh... 
do. 7™,.. 


7 
8 


35.18 
6L02 
44.36 
28.41 
35.00 
43.58 
17.59 
6&fi0 


40.88 
45.00 
00.28 
84.17 
83.25 
35.54 
9.38 
96.40 


14.94 
3.98 
*6.36 
37.42 
31.75 
20.88 
73.03 
5.10 


0.29 
.16 
.20 
.34 
.32 
.31 

1.54 
.87 






1.60 
1.76 
2.03 
1.44 
L97 
L82 
1.10 
1.69 


30.46 


4,654 
5,333 
6,444 


8,377 
9,509 
9,800 


2 






6 
6 


6.56 


66.40 


7 


do 












8 


do 

Rockingham... 
do.. 








4,109 


7,396 


10 






16 








5,648 


10,166 











Analyses of peat and muck,* 
[F. M. Stanton, U. 8. Oeological Survey, analyst.] 



LocaUty. 



Labora- 
tory 
Mol 



aOCKnfOHAM 
COVHTT, 

FremoDt .• 

Do 

Qreenland (Oreat 
Bay salt-marsh 
peat) 

Oieenland (Oreat 

Swamp) 

Do 

Rye (sal t-marsh 

P«»t) 

Do 

SnUffOBD OOXJMTT. 

Dover. 

Do 

Esrmington. 4 miles 
north of (ElyRiver 
bog) 

Farmington, 4 miles 
north of 

New Duriiam (Ifer- 

rymeetingBog)... 

Do 



«6576 
'6576 



6569 



'6570 
'6571 



e6561 
'6562 



• 6573 
'6574 



«6577 
'6578 



e6579 
'6580 

'6572 



Condi- 
tion Of 



ple.fr 



1 
1 
2 



1 
2 

1 
1 
2 

1 
1 
2 



1 
1 
2 



1 
2 

1 
1 
2 
1 
2 



Proximate. 



Mois- 
ture. 



80.60 
14.40 



ia86 



77.06 
12.07 



8188 
12.61 



85.40 
1&8 



80.76 
13.68 



8&15 
12.82 



11.64 



Vola- 
tile 
matter. 



53.08 
6102 



27.68 
3L00 



42.74 
4111 



4&72 
58.46 



52.67 
62.55 



42.90 
40.70 



48.30 
65.40 
6&97 
66.74 



Fixed 
carbon. 



25l24 
29.61 



12.70 
14.24 



2L82 
26.07 



34.86 
28.46 



27.02 
82.00 



20.38 
88.40 



22.25 
25l52 
26.33 
38.67 



Ash. 



7.34 
8.47 



48.81 
64.76 



32.47 
26.83 



16.81 
18.00 



4.51 
6.86 



38.14 
36.81 



16.63 

10.08 

4.06 

4.50 



Ulti- 
mate. 



Sul- 
phur. 



a63 
.74 



L66 
L74 



.04 
1.08 



1.53 
L74 



.46 
.66 



.60 
.68 



.82 
.04 
.33 
.36 



Aiiw 

drying 

loss. 



89.00 
8.70 



&60 


76.80 
6.80 


8L40 
6.10 



84.50 
9.30 



80.10 
8.10 



87.30 
7.30 



7.20 



Calorific value. 



Calo- 
ries. 



British 

thermal 

onitB. 



4,713 
6,511 



3,004 
3,348 



3,731 
4,376 



4,093 
4,684 



4,663 
6,406 



8,647 
4,335 



4,097 
4,700 
6,046 
5,711 



8,383 
9,900 



8,607 
4,016 



6,608 
7,696 



7,367 
8,481 



8,194 
9,781 



6,566 
7,006 



7,375 

8,460 

9,063 

10,280 



• Davte. C. A., The uses of peat for fuel and other purposes: Bur. Mines Bull. 16, pp. 197-196, 1911. 
fr 1. Native peat. 3, Molstuie-fxee peat, 
c Bottle sample. 
'Sack sampler 
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Ana^ftea of motttnre-free peal. 
[H. u. Ootvei, BoNHt at UtDM, wutTn-l 
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mtiiDUB. 


CUarlBBnlM. 


IM»IUJ. 


"■4- 


Vd*^ 


nxBd 
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BoHter 
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CUorta. 


BittU 
nnln. 
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Er.7B 
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Q.44 
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LBT 
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^S 







Analvtei of Moh-grade air-4iHei peat.' 



LmliiT <iMann town). 



nombw 

in). 



amlyab 



'^S"!' 



IV 0«ciL Burrey 



a.B*pt.t«U<B,p.3St,U 



FB0PBRTIB8 OP PBAT. 
Anal^aea of UMO-ffnie afr-<lr(«d pvit and mvck.' 



LooUtrCnonittdwii). 


,s: 


"3" 

analysis 


A8h. 


Caloriea. 


Coke. 




10 

■ft 

!1 
39 

IS 

i 

S3 


2a 

SI 

ae 
w 

13 
67 
SO 

03 

i 

,s 

108 

ISO 


li 

3SS 

IT.SS 
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21. SI 

34.70 
I*. 21 
24. S5 
33.34 

3t.3a 

1(L4) 
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4037 
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nt, V. E., A nport on th* pi 



tiDl northern Nair I( 



vnr ToxK. 

Jwilv«e« 0/ mofature-^ree peat and muck. 

IB. U. Cooptr, Bnnu d MlMi, ■Mlyit.l 
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PmSTLTAinA. 



Analyses of moisture-free peat. 





rH.M 


. Cooper, Bnreaa of Mines, analyst.] 
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BHODE XBLAKD. 

Analyses of moisture-free peat and muck, 
[H. M. Cooper, Bureau of Mines, analyst.] 



LooO- 

ity 

Na 


County. 


Analy- 
sis and 
sample 
No. 


Proximate. 


Ultimate. 


Calorific value. 


Volar 

tile 

matter. 


Fixed 
carbon. 


Adi. 


Sul- 
phur. 


Nitro- 
gen. 


Oxy- 
gen. 


Calo- 
ries. 


British 

thennal 

units. 


1 


Brlrtd 


52 
49 
51 
50 


42.43 
45.19 
4a 65 
44.49 


19.82 
8L11 
21.85 
84.64 


37.75 
23.70 
37.50 
2a 87 


LOl 
.30 
.54 
.44 


L61 
L56 
1.50 
L77 








2 


IaO^sQi0KlOOw •••■••••« 




4,298 


7,787 


4 


do 


5 


..do 




4,612 


8,801 







VEBXOVT. 



Analyses of moisture-free peat and muck. 
[H. M. Cooper, Bureau of Mines, analyst.) 
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PEAT IN THE UNITED STATES. 
Analv»e$ ahotdno aoentoe compcMkM of motature-fne peat.' 
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BoIL Its, p. 110, ini. 
▼nsmA AMD VOSTH OAXOLIVA. 

Anali/»e» of peat and mucfc. 
[H. II. Coopar, Buma of Mliwa, uul)>«t| 
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Jnalv«e< 0/ peot from Paiqiiotank Coimtv, y. C 
IF. H. Stanton, U. B, Oeol. Snrvey, analyst.! 
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• Davli, C. A., Tb* ums of p«at for fuel and other purpoMa: Bar. Mlnea Bull. 18, p. Its, ISll. 
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Analyses of peat and muck,* 
[Survey of t003.] 
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ture. 



09.7 

85.2 

87.0 

74.4 

85.3 

89.4 

85.5 

83.8 

»33.4 

»14.0 

83.0 

82.9 

80.7 

81.1 

80.7 

»58.5 

M4.9 

83.5 



88.2 
89.4 
9a6 
9a8 
89.4 
83.8 
89.1 
88.8 
83.4 
83.5 
80.0 
83.1 
81.4 
79.5 
80.1 
84.0 
88.9 
79.0 
77.7 
78.8 
77.9 
82.0 
88.4 

.88.8 
88.6 
86.8 
85.4 
88.8 
85.1 
87.0 

»18.8 
89.3 
91.4 
89.4 
9a7 



Molsture>free. 



Volatile 
matter. 



83.3 
83.1 
62.4 
50.3 
83.3 
38.4 
8a4 
58.2 
57.4 
59.7 
52.2 
82.0 
57.2 
65.7 
53.1 
58.5 
58.7 
69.3 



84.6 
88.7 
67.2 
83.8 
65.3 
83.8 
43.4 
50.8 
61.7 
56.2 
82.6 
61.8 
6a6 
43.7 
56.4 
61.1 
70.5 
56.3 
48.0 
52.7 
47.9 
68.1 
64.1 
80.1 
67.7 
56.9 
64.0 
83.1 

oa8 

45.9 

oa9 

86.2 
86.3 
71.3 
66.0 
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carbon. 



2&3 
24.5 
26.5 
2a5 
23.6 
16.9 
27.8 
26.6 
25.4 
29.4 
28.3 
28.7 
27.0 
26.1 
32.3 
2&6 
3a9 
27.5 



29.0 
26.7 
2&3 
24.8 
23.8 
2&6 
14.2 
29.4 

3ao 

29.7 
19.3 
28.8 
24.0 
29.8 
27.5 
29.0 
21.8 
28w4 
23.3 
25.4 
23.8 
17.8 
25l1 
25.5 
26.4 
25w9 
31.8 
27.8 

aai 

7.1 
27.9 
28.8 

27.3 
22.8 
2&5 



Ash. 



11.4 
12.4 
11.1 
20.2 
13.1 
44.7 
11.8 
15.2 
17.2 

ia9 

19.5 
9.3 
15. 8 
19.2 
14.6 
12.9 
1Z4 
13.2 



6.6 

6.8 

7.6 

11.4 

ILl 

7.6 

42.4 

ia8 

8.3 

14.1 

18.1 

11.4 

15.4 

26.5 

17.1 

9.9 

7.7 

16.3 

28.7 

21.9 

28.3 

24.1 

ia8 

14.4 

1&9 

17.2 

14.2 

9.3 

9.1 

47.0 

11.2 

6.6 

8.4 

6.9 

6.5 



British 

thermal 

units. 



9.320 
8,980 
8,929 
8,190 
8,670 
8,040 
9,440 
9,040 
9,370 
8,800 
8,060 
8,370 
8,600 
7,920 
8,490 
8,280 
8,870 
8,870 



9 
9 

8; 

8, 
8 
3 

8i 
9, 

8 

7 

8 

8 

4 

6 

8 

lo; 

7 
7 
7 
6 
8 
8 
8 
8 
7 
7 
9 
9 



9 

9, 
9 
9 



080 
600 
600 
600 

650 
700 
700 
400 
800 
600 
300 
800 
800 
800 
900 
700 
300 
300 
600 
100 
700 
870 
700 
400 
100 
800 
800 
200 
600 



000 
600 
600 
200 
960 



Cksnhustible contents. 



Volatile 
matter 



71.6 
72.0 
70.4 
74.4 
73.9 
89.6 
68.6 
68.7 
60.4 
87.0 
64.9 
68.4 
68.0 
69.0 
62.3 
67.3 
64.7 
68.1 



89.0 
72.9 
72.7 
72.1 
73.5 
69.0 
76.3 
67.1 
67.2 
65.5 
76.5 
69.9 
71.7 
59.5 
68.9 
6&0 
78.6 
68.2 
66.4 
67.5 
66.9 
76.6 
72.8 

7a4 

6&6 
68.7 
63.0 
89.8 
67.1 



68.8 
7ai 
70.9 
76.8 
69.9 



Fixed 
carbon 



2&5 
28.0 
29.8 
25.7 
28.1 
8a6 
31.6 
31.4 
8a7 
33.0 
35.2 
31.6 
32.0 
31.1 
37.8 
318 
3&2 
3L9 



31.0 
27.1 
27.3 
27.9 
26.5 



24.7 
32.9 
32.8 
34.5 
23.5 

3ai 

28.3 
40.5 
33.1 
32.0 
23.5 
33.8 
33.6 
32.5 
33.1 
23.4 
27.2 
29.6 
31.4 
31.3 
37.0 
8a4 
32.9 



31.4 
29.9 
29.1 
24.2 

sai 



British 

thermal 

units. 
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11,300 
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9,600 

11,100 
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9,800 
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9.200 

10,100 

10,400 



10,200 
11,300 
10,300 
9,800 
10,500 



a Hoels, F. W., Tbepeat resources of Wisconsin: Wlaoonsin Oeol. and Nat. Hist. Soirey Bull. 45, Eoon. 



a Hoei8,F.W^.,TDe peat resources of wisccnsm: wiaoonanut 

Mm loTpp. 14»-15U 1916. 
» PiitqraiiHSitod Mm the moisture eootantwaf determliitd. 
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CONCLUSIONS. 

Minnesota, Wisconsin, and Michigan contain a large quantity of 
high-grade peat. The average nitrogen content of 246 samples, col- 
lected from widely scattered localities in Minnesota, was 2.25 per cent 
and the average calorific value of the moisture-free peat was 8,329 
British thermal units. The average composition of Wisconsin peat 
and muck is shown by the following table, compiled in part from the 
foregoing analyses: 

Average compaHtion of peat and muck from Wisconsin. 

Moisture (native) S4,5x 

Moisture (air-dried) 28.9 

Volatile matter 56.4 

Fixed carbon 24.0 

Ash la 5 

Sulphur . 6 

Carbon (combined) 40.8 

Hydrogen 4. 6 

Oxygen 26. 4 

Nitrogen 2.4 

Although the peat deposits of Michigan have not been so thoroughly 
tested as those of Minnesota and Wisconsin, they are of high quality. 

Large quantities of good peat, suitable for fertilizer, fuel, packing 
material, and other products are found in all the States shown in the 
tables. Specific localities throughout the United States where peat 
suitable for the purposes mentioned may be obtained are listed on 
pages 91-202. 

Some of the peat deposits of New York and northern New Jersey 
are similar in chemical properties to those of Wisconsin and Michigan 
and are well adapted for the manufacture of peat products. 

The peats of many deposits in Iowa, Illinois, and Pennsylvania 
contain too much ash for use as fuel, though they may be used for 
making fertilizer and packing material. Of 266 samples of Iowa peat 
selected at random and analyzed, only 15 contained less than 25 per 
cent of inorganic material and only 1 less than 15 per cent. The peats 
of the Illinois and Pennsylvania deposits are also relatively impure. 
However, the average nitrogen content of the Illinois peat as shown 
by analyses of samples is 2.65 per cent, and the peats of Iowa and 
Pennsylvania probably contain about 2 per cent, which is the general 
average. Five samples of Illinois peat contain more than 3 per cent 
of nitrogen and one from the Duck Lake deposit in that State contains 
3.84 per cent, an unusually high percentage for raw peat. 

The average nitrogen content of peat from Indiana, as shown by 
the foregoing analyses, is 2.8 per cent, and the average calorific value 
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is 8,552 British thermal units. The peat of Ohio ranges in content 
of nitrogen from 1.01 to 3.60 per cent and in calorific value (moisture- 
free peat) from 7,132 to 9,736 British thermal units. It is therefore 
apparent that the deposits of these States contain peat well adapted 
to use both as fertilizer and as fuel. 

Aside from some of the peat deposits of Massachusetts and Rhode 
Island and a few in other States that contain a large quantity of ash, 
most of the peat in the New England region is of good quality. In 
69 samples of peat from Maine the range in calorific value of the 
moisture-free material was from about 8,000 to 9,800 British thermal 
units. Maine also contains an immense quantity of sphagnum moss 
and moss peat suitable for surgical dressings, packing material, and 
stable litter. 

The peat deposits of the Atlantic coastal region south of northern 
New Jersey, as well as those in the Pacific Coast States, are variable 
in quality. The salt-marsh peat is generally too impure for com- 
mercial use, but some of the inland swamps, like the Dismal Swamp 
of Virginia and North Carolina and the Everglades of Florida, con- 
tain good peat. In fact, peat from Florida compares favorably with 
peat from any other part of the country. It is equal to the best 
peat in the Great Lakes States and is higher in calorific value and 
lower in ash than much of the peat of New England. 

USES OP PEAT. 
AOBICUI/nr&AL USES. 

The uses of peat in agriculture are manifold. Prepared peat is 
used directly as a fertilizer, as an ingredient of commercial fer- 
tilizers and stock feed, as stable litter, and as an absorbent and dis- 
infectant. Peat soils are well adapted to the growth of certain crops. 

FERTILIZER. 
OEVEBAL FEATUBS8. 

The peat deposits of the United States form one of the few ex- 
tensive known domestic sources of nitrogen that can be converted 
into plant food at a price low enough to be economically used by the 
farmers. The average nitrogen content of domestic air-dried peat 
is about 2 per cent, although many peats contain more than this 
quantity. This nitrogen may be recovered in the form of ammonium 
sulphate by the methods considered on pages 72-73 or may be made 
available for plant food without extracting it from the peat. Argu- 
ments are often advanced against the direct use of peat as a source 
of nitrogen in soil fertilization, because not all the mtrogen it con- 
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tains, as shown by chemical analysis, is readily available for plant 
food, but this criticism seems to be based on a misconception of the 
nature of the peat. It is true that only a part of the nitrogen shown 
by analysis can be immediately used as food by plants, but it is 
equally true that a chemical analysis of peat is not a fair test of its 
value as a fertilizer and that the total quantity of potential soluble 
nitrogen formed and released by bacterial action from time to time 
after the peat has been applied to the soil is in the aggregate often 
greater than the percentage found in some commercial fertilizers. 
Fortunately all the nitrogen in peat is not soluble at one time, or it 
would leach out, and the potentially rich black peat soils of this 
country would become unproductive. 

Bacterized peat as a direct fertilizer is said to be even a more 
prolific source of soluble nitrogen than the crude materiaL The 
following method of increasing the nitrogen content of soils by 
means of peat is proposed by Bottomley : ^ 

It is well known that if peat is exi)osed to the air for several years it is 
neutralized by the formation of ammonia, and a large proportion of the in- 
soluble material is converted into food available for plant life. By inoculating 
the peat with aerobic bacteria it is found possible greatly to accelerate this 
change and to increase materially the quantity of plant food. The problem, 
however, was not to discover a fertilizer, but to find a medium in which 
nitrogen-fixing organisms could be cultivated and placed- on the soiL This 
medium is found in the peat treated with aerobic bacteria. To prepare it for 
inoculation the peat is kept moist at a temperature of 25** C. for about a week. 
Steam is then forced through it to insure that all organisms, bacterial or 
otherwise, are destroyed, and tlie result is a sterile medium, neutral or slightly 
alkaline, suitable for the cultivation of plants or of nitrifying bacteria. The 
sterilized peat is then inoculated with a mixed culture of Bacillus radUicola 
and Azotobdcter chroococcum, which multiply rapidly and soon iiermeate the 
entire culture bed. After complete saturation the bacterial groi^^h is arrested 
by drying the peat, and it is then ready for use. 

It is said that the bacteria in this material enrich the soil to 
which they are applied by extracting nitrogen from the air and con- 
verting it into soluble plant food, and that owing to continuous bac- 
terial action frequent subsequent treatment is unnecessary. Accord- 
ing to some reports, however, the process seems to be of doubtful 
value. 

Another process for the commercial application of bacteria to soil 
fertilization is reported by John N. Hoff, of New York Accord- 
ing to his method the peat is cultivated for several seasons, excavated, 
sun dried, neutralized or made slightly alkaline, and used for a 
carrier and energizer of several varieties of nitrogen-fixing bacteria. 
^Mien mixed with certain phosphates and applied to the soil these 

• Knox, G. D., The spirit of the soU, 242 pp., 17 flgs., London, Constable k Co. (Ltd.), 
191C. 
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bacteria are said to stimulate plant growth and to react upon and 
release phosphorus from insoluble chemical combinations. 

According to reports bacterized peat is being used commercially 
in England. It is said that larger crops have been grown upon soil 
enriched by bacterized peat in the United States than could have 
been obtained from the same land treated with commercial fertilizer. 

Whether used as a direct fertilizer or as an ingredient of com- 
mercial ferilizers, peat when properly treated is valuable both 
chemically and physically. Its content of soluble nitrogen is im- 
mediately available for plant food, and it is potentially rich in this 
element, which gradually forms soluble compounds and is released ; 
it supplies humus, a vital requirement for plant life under natural 
conditions; on account of its black color it absorbs heat; soils to 
which it is applied are made friable and can be readily worked ; and 
its water-holding properties are proverbial. Because of these char- 
acteristics peat is being used more and more in soil cultivation. 

For those who. propose to enter this branch of the peat industry 
it is suggested that caution be observed in selecting a suitable deposit. 
Before any money is invested a careful survey should be made of 
the prospective deposit to insure that there is a sufficient quantity of 
peat to justify the erection of a plant. Typical samples should be 
taken from different parts of the deposit and examined to determine 
whether the material is chemically adapted for fertilizer. Many 
peats are acid when first taken from the bog or swamp. 

Black, well-humified peat is most satisfactory for soil fertilization. 
Only bogs containing peat that is rich in nitrogen should be selected. 
The acidity of the raw peat must be corrected by thorough aeration 
and liming before any attempt is made to market it as a fertilizer 
for ordinary crops. One of the great handicaps of the peat- fertilizer 
industry in this country has been the lack of uniformity in its prod- 
uct, and as the success of a plant depends upon the character of the 
peat used, too much caution can not be observed in the selection of 
the material. 

METHODS OF PBEPABATIOV. 

Equally important as the kind of peat are the process and ma- 
chinery employed in treating it. The deposit must first be drained 
and cleared of trees, brush, and turf. Cultivation of the peat for 
several seasons will correct the acidity and afford means for deter- 
mining its agricultural value. After the upper layer has been 
plowed, disked, and harrowed, the peat is excavated to a depth of 
about 8 feet and left in windrows on the surface of the bog. When 
the moisture has been reduced to about 60 per cent by air-drying the 
material is scraped into piles, loaded into cars, and hauled to a stock 
pile. After aerobic fermentation is well advanced, the material is 
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run through heated rotary driers until the moisture is lowered to 
10 per cent, screened, and coolecl. The resulting product is used as 
a nitrogenous ingredient of commercial fertilizers. This material 
may be further enriched with nitrogen by liming a-nd appropriate 
inoculaticm, and if a complete direct fertilizer is desired potash, 
phosphates, and other minerals are mixed with it. 

The outdoor ecjuipment consists essentially of agricultural imple- 
ments — excavators, scrapers, loaders, some light rails, a few cars 
and small locomotives, an elevator to raise the peat to the top of the 
stock pile, and a conveyer for transporting it to the driers. If pos- 
sible the excavators, scrapers, and loaders should be electrically pro- 
pelled and oi^erated with caterpillar drives, as machinery so equipped 
gives little trouble on boggy surfaces. The indoor equipment consists 
of engines, boilers, dynamos, rotary driers, and sifters. The build- 
ing containing the drying plant should be fireproof and should be 
located as near the deix>sit as possible. 

In order that the plant may run throughout the year, it is the best 
practice to excavate and pile up as much peat as possible during 
the air-drying season and to complete the drying artificially when the 
material is needed. By adopting the process and equipment de- 
scribed lost motion is minimized and a large proportion of the water 
in the peat is eliminated in the field. 

Peat fertilizer may be cheaply prepared by farmers owning small 
bogs by composting the raw peat with manure, and after the bacteria 
have saturated the mixture it may be applied to the soil in the same 
way as manure. Land that is deficient in humus and nitrogen will 
thus be materially benefited. 

PEAT SOILS. 
OEVEBAL FEATURES. 

Peat soil, when properly treated, is one of the most fertile types 
of soil in this country. Owing to tlie abundance of well-drained 
land that could l)e more readily tilled, areas of peat and muck have 
in times past been neglected, but with the ra])id increase of our popu- 
lation and the necessitv for intensive soil cultivation the attention 
of agriculturists and othere is now being directed to these lands. 
In the eastern section of tliis coimtry there are approximately 
ir).0(K),0()0 acres of peat and nmck land, which supports a growth of 
shrubs, tamarack, white cedar, birch, water maple, gum, and cypress, 
and only about 75(),(HK) acres, or 5 per cent of the total area, has been 
reclaimed for agricultural purposes. Franklin K. I^ne, in advo- 
cating the reclamation of the swamp and cut-over timber lands of 
the United States and their sale on the basis of deferred payments 



U. 9. GEOLOOirAL 



,LETIN 7S8 PWTB IV 





B. DRY HAND-CUT PEAT FUEL AND SI.ANE WITH WitlCH IT IS EXCAVATKK. 
COMMKRCIAL I'HOUUCTS OF PEAT. 



r\ 



PBOPBBTIES OF FEAT. 63 

;o men who had done military service, said in substance in a state- 
nent for the press: 

There are approximately 200,000,000 acres of cut-over or logged-off timber- 
land in the eastern half of the United States, and, overlapping to a certain 
extent the cut-over lands, some 80,000,000 acres of swamp land, located largely 
In the southeastern section of the country. To the ordinary observer the 
reclamation of these waste areas may seem difficult. The soil, however, is in 
many localities very fertile. For many years leaf mold containing humus has 
been accumulating, and once the stumps have been blown out and the land 
cleared of brush and brought under the plow, it is believed that these lands 
will prove among the most fertile of our agricultural resources. Like the 
Dismal Swamp in Virginia or the Everglades in Florida, most of the swamp 
Land in its present condition is unfit for human inhabitants. Consider this 
land cleared of its timber, adequately drained, and intensively cultivated, and 
some idea of its possibilities for the production of food will be obtained. 

Raw peat soils, though too acidic for ordinary farming, after they 
have been drained, cleared, freely aerated, and properly fertilized, 
are especially well adapted for the production of vetch, redtop, millet, 
buckwheat, oats, com, rye, the potato, the cranberry, the blueberry, 
the strawberry, and other acid-tolerant crops.* (See PL IV, -4.) 
If properly treated with potash salts and with lime they are neutral- 
ized or made slightly alkaline and should then yield good crops of 
red clover, timothy, bluegrass, wheat, rutabagas, and other alkaline 
or neutral soil crops. The greatest values derived from the cultiva- 
tion of peat, however, have arisen from its use as a truck crop soil. 
According to the Bureau of Soils,^ cabbage, onions, celery, lettuce, 
spinach, carrots, beets, turnips, and peppermint are the most valu- 
able crops that are grown on treated areas of peat. The acreage 
values of these crops so far surpass those of the general farm crops 
that their cultivation should be miade the object of the reclamation 
of any large areas of peat. 

The fertility of peat soil is chiefly due to its content of nitrogen 
and humus, to its affinity for moisture, and to its blackness, wliich 
enables it to absorb heat. For the profitable production and sale of 
both general and special crops it is desirable that the areas of peat 
which are close to large city markets and accessible to good transpor- 
tation and cheap labor should be reclaimed first. 

The first attempts to use peat lands for the growth of crops were 
made in the older agricultural districts of the Eastern States, notably 
New York and New Jersey. Some of the most productive farm 
lands in those States were formerly peat bogs and swamps. The 
truck farm of John N. Hoff near Great Meadows, Warren County, 

— _ _ - _ _ - ^ ^ 

*CoTllle, F. V.^ The agrrlnilturnl utilization of add lands Ify means of add-tolorant 
crops: U. 8. Dept Agr. Bull. 6, 1918. 
* U. S. Bur. Soils drc. 65, pp. 13, 14, 1912. 
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N. J.; the well-known onion farms of the Wallkill River Valley, 
Orange County, N. Y. ; and the Oak Orchard lands north of Batavia, 
N. Y., are reclaimed peat deposits. Thousands of acres of land in 
these States now under intensive cultivation are underlain by peat 
from 10 to 15 feet deep. Large areas of peat land in the Dismal 
Swamp district of Virginia and North Carolina are successfully de- 
voted to the growth of potatoes, com, wheat, and other crops. An 
average yield of more than 30 bushels of wheat per acre was obtained 
for several years on the well-tilled farm of the Wallace brothers, of 
Wallaceton, Va. Extensive use of peat soils for crop cultivation 
is also made in Minnesota, Wisconsin, Michigan, Iowa, Illinois, 
Indiana, and Ohio. Thousands of acres are already under cultiva- 
tion, and millions more may be reclaimed by proper drainage and 
clearing. In fact, the economic future of entire counties in some of 
these States seems to be directly dependent upon the successful 
reclamation of peat bogs and swamps. 

In Boseau, Marshall, Pennington, and Bed Lake counties, SGmL, 
where excellent crops of flax, barley, and oats are grown upon re- 
claimed areas, the peat is so shallow in many places that it may be 
penetrated by a deep tiller. Peat lands in the big tamarack and 
spruce swamps of northern Minnesota are being divided into home- 
steads with the design of draining and clearing them for agri- 
cultural use. 

TEEATXEITT. 

The prime requisite for the successful cultivation of peat land is 
a proper system of drainage. The water table must be kept far 
enough below the surface to protect the plants from excessive mois- 
ture, yet not so far that they will lack sufficient moisture. As pointed 
out by Alway,* the climate controls to a large extent the depth to 
which the water table must be lowered. It is hardly possible to 
lower the water level too far in regions of heavy rainfall, but it is 
possible in regions of scant or medium rainfall. To obtain the 
greatest crops in parts of the country that have a cool climate the 
water table should be kept from 20 to 40 inches below the surface. 
The drainage problem is an engineering one, and before any attempt 
is made to reclaim a peat swamp or bog levels should be carefully 
taken to ascertain whether cheap drainage is feasible. 

The drainage of most bogs is comparatively simple, but peat- 
forming basins in which the peat is accumulating below a perma- 
nent water level can not generally be drained far below the surface 
of the peat except at great expense. However, many peat- forming 
basins in the region of the Great Lakes and in the New England 

way. F. J., Limitittions on the cultivation of peat land in Mlnneaota : Am. Pett 
r., Apr., 1016, p. 65. 
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States, where most of the depressions in which peat has accumulated 
were formed by the Wisconsin or last glacial drift, may be drained by 
short drainage canals that connect the ed^ of the basin at the 
lowest level with an adjacent stream. Tile drains, though expensive 
to install, generally prove more satisfactory and ultimately more 
economical in reclaiming peat areas than open ditches, which must 
frequently be dredged. 

Many peat bogs must be cleared and grubbed before they can be 
cultivated. The surface of the bogs may generally be prepared for 
cultivation with comparative ease, but swamps that are overgrown 
with trees can not be cleared and grubbed except at great expense. 
However, this expense is sometimes offset by the value of the timber 
obtained. 

The method of tillage is largely regulated by the depth of the 
peat. Shallow peat may be tilled in the same manner as ordinary 
loam, but the great peat deposits of northern Minnesota, Wisconsin, 
and Michigan, which range in depth from 5 to 20 feet, must be tilled 
in a radically different way. 

In peat areas where summer frosts occur the soil must be specially 
treated. Damage to crops may usually be avoided by spreading a layer 
of sand, clay, or loam 2 or 3 inches thick, over the surface, but this 
is expensive and for large areas is therefore impracticable. Grass, 
clover, and certain other forage crops that are immune from damage 
by summer frosts may be sown on peat areas without risk of loss, but 
as climatic conditions differ in different areas crop practices suitable 
to one area may be unsuited to another. 

Many peat soils, especially deep peat deposits, must be fertilized 
before they can be used for growing crops successfully, for they do 
not contain certain minerals that are required by plants. Potash 
must be added to many peats, and phosphates and nitrates must be 
added to some, though most well-decomposed peat soils, after they 
have been thoroughly plowed and aerated, are rich in nitrogen. If a 
peat soil is to be used to raise alkaline-soil crops and its acidity can 
not be corrected by plowing and aeration, lime should be applied to it. 
If properly used, lime will increase the fertility of the soil. Sources 
of limestone from which lime may be made are noted on pages 82-91. 
The limestone should be ground or burned before it is used as fertil- 
izer, for the lime is thus made available immediately, whereas if used 
unbnmed some varieties of limestone, notably shell " marl," are rela- 
tively inactive during the first growing season after their application 
to the soil. Lime releases potash from certain silicates ; it promotes 
the decomposition of the peat, freeing soluble nitrogen; if applied to 
sour soil, it corrects the acidity; and if applied to peat soils that 
harden in lumps on drying, it makes them easy to work. 
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STOCK FEED. 

Black humified peat is used both in Europe and in the United 
States for compounding stock feed. The peat is prepared in sub- 
stantially the same way as for fertilizer. (See pp. 61-62.) After- 
bein^ air-dried and partly carbonized the peat is screened and re- 
duced to a powder containing about 10 per cent of moisture. The 
powdered peat is then used as an absorbent for the uncrystallized 
residues obtained in refining beet and cane sugar, which, because of 
their viscidity, are otherwise not suitable for feeding stock. This 
valuable food may thus be economically fed to cattle and other live 
stock without causing gastric disorders. It is said that the peat also 
stimulates digestion, contributes proteid substance, and is an excellent 
substitute for charcoal. Charred dried peat is also used as an in- 
gredient of food for poultry and other stock. In European coun- 
tries peat mull prepared from moss and sedge peat is used as a base 
for stock feed. 

ABSORBENT AND DISINFECTANT. 

. Fibrous peat may be profitably employed as stable litter, for when 
so used it absorbs nitrogenous liquids, which, though valuable for use 
in fertilizers, are ordinarily wasted. Moreover, it checks decomposi- 
tion and absorbs gases, so that it should be an effective deodorizer 
and disinfectant. For this use it is superior to lime and ashes and 
some of the more expensive disinfectants, and it is a nearly ideal 
material for use in earth closets and other receptacles for moist waste 
organic matter. The best material for this purpose is found in the 
upper layer of deposits formed from sphagnum moss, an enormous 
quantity of whicli is available in the sphagnum bogs of the Great 
Lakes region and the New England States. 

FCEL. 
GENERAL FEATUBES. 

Because of its high content of carbon and because it will ignite 
and bum freely when dry, making a hot fire, peat is used as fuel in 
countries where the coal supply is below the normal requirements. 
In Europe between 15,000,000 and 20,000,000 tons of hand-cut and 
machine peat are consumed annually. Peat has been the only do- 
mestic fuel of the common people in Ireland from the traditional 
time when the country was deforested. The peat fire on the hearth, 
like the jaunting car, typifies Irish environment, and when the tourist 
seeks a memento of his visit to that country he usually selects some 
souvenir carved from the black oak that has lain for centuries pro- 
tected by beds of peat from the attacks of fungi and bacteria. Peat 
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is cut by hand in blocks by the peasants for domestic use, and 
machine-cut peat is sold in blocks for both domestic and industrial 
use. (See PL IV, B,) Many attempts have been made both in 
Europe and in the United States to manufacture peat briquets for 
commercial use, but, though briquetted peat is more efficient than 
hand-cut or machine-cut peat, its manufacture has never advanced 
beyond the experimental stage on account of the high cost of pro- 
duction. 

The peat in an undrained bog contains about 90 per cent of 
water, which must be reduced to 30 per cent before it can be used as 
fuel. By thoroughly draining the deposit about 10 pei* cent of the 
original water contained in the peat may be removed, but the re- 
mainder, which is largely held in the microscopic plant cells and 
minute intercellular spaces, can not be reduced below 70 per cent 
without drying in the open air or in a heated chamber. Artificial 
drying to remove all the excess moisture, however, requires the 
expenditure of so much heat in comparison with the heat obtainable 
from the fuel prepared by this method that it has not proved com- 
mercially feasible. Peat fuel should therefore be prepared during 
the air-drying season, which in the United States usually begins in 
April or May and ends in October. As Director Haanel • has so well 
put it: "The forces of nature, the sun and the wind, which cost 
nothing, should be used, and any improvement in this process will 
lie in the direction of labor-saving devices." It seems, however, that 
artificial drying might be economically employed by utilizing waste 
heat from blast furnaces or other sources. 

FEAT FUEL IN THE UNrTED STATES. 

Although between 15,000,000 and 20,000,000 tons of peat fuel are 
produced and consumed annually in Europe in generating heat and 
power, only small quantities of peat fuel have been produced in the 
United States because of the abundance of coal, which is more effi- 
cient and in normal times can be cheaply prepared and more readily 
transported to the consumer. The interest shown in peat fuel and 
its possibilities in the United States has thus far been largely scien- 
tific and experimental, and the attempts that have been made here 
to produce it on a large scale have not been successful. The failure, 
however, appears to have been due not to a lack of market for the 
product but to the lack of sufficient capital, to the inexperience of 
operators, to the failure to recognize that peat is inferior to coal, and 
to preventable engineering errors. Operators say that air-dried 
machine peat can be produced in the United States at a cost ranging 



• Ilaanel, B., Peat as a source of fuel : Comm. Consenratioo, Oanada, Ninth Ann. Rept, 
p. 16 (reprint), 1918. 
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from $1.50 to $5 a ton, the exact figure depending on the size and 
efficiency of the plant ; and in some parts of the country it could 
perhaps successfully compete with other fuels for both domestic and 
industrial use. In many places where peat fuel has been used in 
this country it has proved very satisfactory and has found ready 
sale as fast as produced. 

In recent years the increasing cost of producing coal has led to 
a general advance in price. This condition, aggravated by an appre- 
ciable reduction in the visible coal and oil supply and the rapid ex- 
haustion of our forests, has strongly impressed upon economists and 
others the necessity of investigating other fuels and sources of power 
wherever they can be more economically used. 

Van Hise,'^ in urging the conservation of our wood and coal re- 
serves, said : 

So far as practicable other products should be substituted for wood. Tlie 
original forests of the United States contained not less than 850,000,000 acres, 
having not less than 4,800,000,000.000 feet of merchantable saw timber. This 
was our magnificent original heritage. The United States as a Nation has 
existed a century and a quarter, and what have we now? In that brief time ap- 
proximately one-half of the value of our forests has gone. • • • 

So far as practicable substitutes should be used for coaL Even if aU possible 
economies and substitutes are introduced, the most sanguine can not hope that 
the supply of fuels wUl be sufficient to meet the needs of the people for more 
than a small fraction of the time we look forward to as the life of this Nation. 

Although peat fuel may not be extensively produced in the United 
States in normal times as long as there is an abundant supply of coal, 
except possibly in localities where conditions are peculiarly ^vorable, 
it has great potential value as a source of heat and power and may 
be utilized to conserve our reserves of coal and wood and also, during 
economic and industrial crises, may be used locally in some States to 
prevent a shortage of fuel. 

Many extravagant claims concerning the fuel value of peat have 
been made, but the sooner its inferiority to coal is recognized the 
better for the peat-fuel industry. Over a million dollars have been 
spent in this country in trying to produce some form of peat fuel 
equal to coal in heating value, and yet we have no commercial peat- 
fuel industry. 

Careful consideration of all the factors leads to the conclusion that 
peat can be converted into fuel on a large scale in the United States 
only in the form of machine blocks, powder, and gas. Cut peat, 
however, is well adapted for home use by the owners of small de« 

10 Van Hlse, C. R., The conserration of natural resoaroea in tiia United 8tata% pfik ai(^ 
256, 359, New York, Macmillan Co., 1910. 
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posits, but probably could not be marketed commercially. As com* 
plete descriptions of peat-fuel machinery and manufacturing proc- 
esses may be found in United States Bureau of Mines Bulletin 16, 
only brief discussions of these phases of peat- fuel production are 
given here. 

METHODS OF PBEPARATIOX. 
OUT PEAT. 

Owners of small bogs who desire to prepare peat fuel for home use 
should adopt the handcut process, which is widely used in Ireland. 
Before this method can be employed the deposit must be thoroughly 
drained and cleared and the turf removed from its surface. Built- 
up bogs can usually be drained to the bottom by a simple system of 
surface ditches. Filled basins, however, can not generally be drained 
far below the surface of the peat without incurring great expense 
and are therefore not so well adapted to hand digging as built-up 
beds. 

After the surface of the bog has been cleared the peat is dug in 
brick form with a special tool called a slanc. (See PL IV, B,) This 
instrument, which can be made by a blacksmith, is a narrow spade 
with a sharp steel lug welded on one side at right angles to the edge 
of the blade. 

The blocks of peat range from 8 to 10 inches in length, from 4 to 
7 inches in width, and from 3 to 6 inches in thickness, their dimen- 
sions depending on the size of the slane. As soon as they are dug 
they should be removed to the drying grounds and stood on end or 
placed on covered racks. At the end of about four weeks, during 
which time they should be frequently turned, their moisture content 
will usually be reduced to about 30 per cent, and the blocks will then 
be ready for storage. As cut peat absorbs water rapidly, great 
care should always be taken to protect the dry blocks from rainfall. 
Peat fuel prepared in this way is bulky, easily crushed, and burns 
rapidly with considerable waste. In heating value it is superior to 
wood, but it is unfit for conmiercial use. 

XAOEIVE PEAT. 

If it is desired to produce peat fuel of better quality and in larger 
quantities than is possible by hand, the machine method should be 
adopted. This process, so far as the writer knows, is the only one 
that has proved commercially successful in Europe. The machinery 
for a small plant is simple and easily operated. It consists essen- 
tially of an excavator and a macerator. The purpose of the macerator 
is to grind the constituents of the wet peat into a homogeneous pasty 
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mass, which may be shaped into compact blocks. In principle and 
form the latest types of peat machines are similar to the pug mill 
or grinding machine for plastic clay. Many of the experimental 
plants in the United States have used brickmaker's pug mills very 
slightly changed to grind peat and have found them well suited for 
the purpose. After being thoroughly macerated the peat is shaped 
into compact blocks as it comes from the machine or is spread in a 
layer from 8 to 12 inches thick on the drying grounds, and the 
bricks are marked off by hand as the spreading proceeds. When 
partly dr^^ the bricks are loosely stacked or placed on drying racks 
and thereafter handled in the same manner as cut peat. 

A specially designed and c<mstructed machine is used for the com- 
mercial production of peat fueL This machine consists of a receiving 
hop|>er attached to a vertical or horizontal cast-iron body, in which 
revolve one or two knife-armed shafts. These shafts are also pro- 
vided with spirally arranged flanges for moving the peat to the grind- 
ing knives and advancing it to the de^nce for cutting the peat pulp 
into bricks of uniform length as it issues from the (Hifice of the ma- 
chine. The principal types of peat machines of modem construction 
are fully described and illustrated in a publication of the Canada 
Department of Mines." 

Machine peat which is allowed to dry slowly contracts into a dense 
mass covered by a gelatinous, skinlike substance called hydrocellu- 
lose. After the moisture has been reduced to about 25 per cent this 
coating renders the machine peat impervious to water, even when 
immersed. It is clean to handle and bums freely, yielding an intense 
heat and producing no soot or other objectionable deposit. For open 
grates, this fuel is nearly ideal, and it is said that peat may be burned 
in the same stoves as coal and wood. However, the best results for 
household use could probably be obtained by burning it in a stove 
with relatively small grate openings and a restricted draft. 

The following data," which are based upon the early ez{>eriments of 
the Canada Department of Mines, show the cost of a machine-peat fuel 
plant and of producing air-dried machine peat in conmiercial quan- 
tity in Canada in 1914. The cost of production was calculated from 
an output in five months of 3,300 short tons of fuel containing 25 per 
cont moisture. 

'^Nystrom, TSMk, P«ftt and lignite; their mannfactare and uaea In Europe: CnoBU 
Dept. Mine*, Mines Branch, 1908. 

» nannel, B. F., Peat, lignite, and coal : Canada Dept. Mines, Mines Branch, Pub. 399. 
p. 27, 1914. 
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Oast of a SO-ton Anrep peat plant and depoiit. 

100 acres of peat land at $6 an acre $600 

Peat machine, locomobile, tracks, cars, cables, etc 7, 500 

Blacksmith sliop, office, loading platform, and railway 

siding 1,100 

Drainage, clearing, etc 1,500 

10,700 

Cost of producing a ion of air-dried machine peat. 

Labor and supervision $1.21 

Repairs, fuel, oil, waste, etc .15 

Amortization and interest .34 

1.70 

Another experiment is now in progress in Canada, and it is under- 
stood that the cost of production is lower than that shown by these 
figures. 

POWDEBID PEAT. 

For certain commercial uses powdered peat has many advantages 
over machine peat. The cheapest way to prepare it is by the air- 
drying process, by which the moisture may be reduced in the field. If 
raw peat is allowed to lie in heaps until natural drainage and evapora- 
tion have reduced the moisture content to about 50 per cent, it may bo 
prepared for use under steam boilers by driving off about half the 
remaining moisture with waste heat from flues or other sources and 
pulverizing the resulting material. The powdered peat may then 
be blown with compressed air into the furnace, where, by means of 
forced draft, ignition is almost instantaneous, and instead of burn- 
ing on the grate the peat forms a gas which gives a uniform fire 
throughout the combustion chamber. Good peat thus treated, when 
burned in furnaces designed to give the most complete and efficient 
combustion, will generate nearly as much energy in the form of live 
steam as the same weight of powdered coal. According to reports 
in this coimtry powdered peat has great possibilities, not only for 
boiler firing but for metallurgical work and for use in cement and 
other kinds of kilns in which powdered coal has been successfully 
burned. 

PSAT BBZairSTS. 

Peat briquets are usually made from peat which has been air dried 
to a moisture content of 40 per cent. After the peat has been macer- 
ated and powdered, the moisture is further reduced to about 15 per 
cent by artificial drying. A binder is then mixed with the peat, and 
the mixture is compressed into cylindrical or prismatic shape by means 

9ioe6*— 5 
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of a piston subjected to a pressure of 18,000 to 30,000 pounds per 
square inch. 

Although there is little more heating value per pound in peat bri- 
quets than in machine peat, the briquets are cleaner, more compact, 
greater in heating value per volume, and generally more attractive 
than machine peat. These advantages, however, are more than offset 
by the high cost of production. 

Artificial drying requires so much heat in comparison with that 
obtainable from peat briquets prepared in this manner, and the cost of 
binders and compressing is so great that the process is at present of 
doubtful conmiercial value in the United States. 

PEAT OOXE AVD OHASOOAL. 

Peat charcoal was made in Europe for hundreds of years by piling 
cut peat in dome-shaped heaps, covering it with soil, and burning 
the peat with a restricted supply of oxygen. This process is little 
used now, and peat charcoal has been displaced by peat coke, which 
is manufactured in Europe by the Ziegler process. According to 
this method the coke is produced by heating machine peat blocbs in 
specially designed retorts. Good peat coke is equal in quality to the 
best grades of charcoal produced from wood. If made from blocks 
of well-macerated, thoroughly decomposed peat that contains little 
ash, peat coke is compact and hard and should be able to compete 
with coke manufactured from coal. Alcohol, acetic acid, ammonia, 
ammonium sulphate, paraffin wax, illuminating and lubricating oil, 
phenol, and asphalt are some of the valuable by-products that may 
be obtained in coking peat by the dry distillation process. 

Peat coke is extensively used in Europe, but in the United States, 
though it could probably be prepared for about $4 a ton, this material 
has never been commercially produced. There are large deposits of 
peat suitable for the production of coke within a few miles of the 
iron-mining districts of Minnesota, and it seems that the practica- 
bility of locating peat-coke plants in this region should receive 
thoughtful consideration from engineers. 

nODirOEE GAB AND BT-PBODTTOTB. 

There are two kinds of by-product gas-producing plants that use 
peat — ^the Mond and the Frank-Caro. The same principle is applied 
in both, and the differences between them are minor. Crushed peat is 
fed into a furnace in which combustion is regulated by steam and hot 
aii*. The peat bums at the bottom of the feed shaft and reacts upon 
the steam, forming water gas and ammonia. These gases are next 
cleansed of tar by means of a scrubber and are subjected to a fine 
shower of sulphuric acid, which converts the ammonia into ftm- 
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monium sulphate and purifies the water gas. After being cooled the 
water gas may be used under steam boilers, in internal-combustion 
engines, and for other purposes. 

Peat containing 2.5 per cent of combined nitrogen, when treated 
by the Mend process, at Cordigoro, Italy, is said to have yielded 170 
pounds of ammonium sulphate to the ton. Gas-producing plants 
using peat fuel have been operated in England, Ireland, Germany, 
Sweden, Italy, and Russia, but not in the United States, although ex- 
periments have been made here. Analyses of the peats of the United 
States show that they are rich in combined nitrogen, from 70 to 85 
per cent of which — a proportion that in some peats amounts to more 
than 2 per cent of their dry weight— could be recovered in the form 
of ammonium sulphate in by-product gas-produdng plants. 

• 

PBAT Ain> FEAT MOSS AS ANTISEPTICS Ain> 3CEDI0AMENTS. 

AVTI8EPTI0 DBE8BINO. 

Large quantities of peat or sphagnum moss have been produced 
and utilized in this country for surgical dressings. According to 
J. W. Hotson,^' under whose direction peat moss was collected in the 
Northwestern States for surgical use, 595,540 peat-moss pads were 
prepared from October, 1917, to November 11, 1918, by the northwest- 
em and Atlantic divisions of the American Red Cross. Most of the 
moss was gathered by volunteer labor from the bogs of Washington, 
Oregon, and Maine, and the pads were used in military hospitals 
both at home and abroad. At first the surgeons of the United States 
Army were not disposed to use the pads, but later the value of 
sphagnum was universally recognized. The gathering of moss and 
preparing of pads was largely curtailed when the armistice was 
signed, but it seems that the value of peat moss as an absorbent and 
disinfectant demonstrated during the war will not be forgotten, and 
that it should be able to compete commercially with cotton for these 
purposes in normal times. A brief discussion of the best kinds of 
peat moss and of the method of gathering it is given in the report 
by Hotson.** 

MITD BATHS. 

At certain health resorts in Germany and Austria peat has long 
been successfully used for so-called mud baths, and during recent 
years experiments have been made to test the healing properties of 
peat in some of the sanitariums of this country. Well-decomposed 
peat, free from coarse or woody material, is the basis of the mixtures 
used, and it is reported that persons suffering from rheumatism and 
like diseases are materially benefited by the treatment. 

>*Hotaoii, J. W., Spbagnum from bog to bandages: Waahlngton Univ. Paget Sound 
filDL Sta. Pub.* TOL a^ Na 47, pp. 213, 248, 1919. 
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OTHEB USES. 



PAOKIVO XATEBIAL. 



Because of its lightness, resiliency, and antiseptic properties, peat 
makes excellent packing material and has long been used for packing 
eggs, fruit, vegetables, and fragile articles. Dry peat is a noncon- 
ductor of beat, and hence is valuable in ice houses and as a packing 
for water pipe& The best material is obtained from the fibrous 
types of peat, consisting of partly disintegrated grasses and mossea 
Peat moss is also utilized in shipping flowers, shrubs, and plants. 

PAPEB, WOOD, AVD CLOTH. 

Peat was used a few years ago at a plant near Capac, Mich., far 
the manufacture of cardboard and paper. Grass and sedge peat 
would probably make the best paper stock, as this peat consists of 
strong fibrous material. Rugs are also made in this country from 
so-called wire grass (Carex stricta) grown upon peat Peat is 
successfully used in Europe for the manufacture of wall board and 
other artificial wood products. German and Swedish manufac- 
turers have also made a durable yam from a mixture of peat moss, 
shoddy, and wool, from which a cloth resembling cheviot is woven. 

THE PEAT INDUSTRY IN THE UNITED STATES. 

PBODUCTION. 

The following tables show the production, prices, and value of the 
peat marketed in the United States in recent years : 

Peat produced in the United Staies, 1916-1921, 



Year, 



1916 
1017 
1018 
1919 
1920 
1921 



Number 

of plants 

reporting. 



13 
18 
25 
15 
18 
21 



Quantity 
(short 
tons). 



5^506 
9^363 
107; 201 
09,197 
73,204 
30,406 



Value. 



$360,104 
70^900 
1, 047,243 
706,532 
921,782 
260,119 



Average 

price p* 

too. 



17.01 
7.» 

laio 

&56 



Peat used in manufacturing fertiliser in the United States, 191&-192L 



Year. 



1916 
1917 
1918 
1919 
1920 
1921 



Quantity 
(short 
tons). 



48^106 
92^263 
79,573 
54,090 
63,272 
29,460 



Value. 



$336^004 
658^500 
77&313 
557^240 
773^686 
251,040 



ATwage 

prieepir 

too. 



16.96 
7.14 
9.74 

iai9 

US 

8.58 
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Peat uBed in manufadmnng Mtock feed in the United States, 191&-1921. 



Ymt. 



Quantity 
(short 

toas). 



MA. 
M7. 

919. 



9S1. 






Average 


Value. 


price per 




ton. 


$3^250 


f7.S0 


51,400 


laOB 


106^985 


1&07 


98^940 


15.45 


• 148,047 


15w58 


» 9,073 


9.50 



• Inriodiiii small quantity of moss and stable litter. 

h Inclndes small quantity of ftiel, mo«, and stable litter. 



The imports of peat in 1920 consisted of peat moss or litter, which 
is used largely for packing material. The quantity was 2,762 tons, 
or six times as much as in 1919. The price per ton, however, fell 
from $35 to $13. The imports in 1921 amounted to 3,450 tons, but 
the price per ton fell to $6.60. No exports of crude or peat products 
were reported in 1920 or 1921. 

sxnocABY. 

Peat and peat moM used in the manufacture of peat products in the United States 

in 1920 and 1921. 



Kind of product. 



Productioo. 



Quantity 
(short ' Value, 
tons). 



1920. 

VotOIsar and fcrfcilixer Incredient . 

Stock feed 

Fuel 

Han 



63,272 
<i9,lS2 
730 
(*) 



$773,835 
a 143,017 

5,060 

(6) 



73,201 I 921,732 



192L 



I 



VtrtOlzer and fertiliser Ingredient 29,480 ! 

gockfeed <946 : 

rod and miacellaDeous products (c) 

>•«« (') I 



251,046 
< 9,073 

(O 



30,406, 260,119 



Imports. I Consumption. 



Quantity, 
(short ' Value, 
tons). ; 



2,762 f 136,201 



Quantity 
(Short 
tons). 



63,272 

9,182 

750 

2,762 



2,762 I 36,201 75,966 



Value. 



$773,635 

143,047 

5,050 

36,201 



957,933 



3,450 1 22,754 



3,450 I 22,754 



29,460 

e946 

(0 
'3,450 



I 



251,046 
c 9,073 

(A 
1 22. 754 



33,856 I 282,873 



t* Included uith stock food. 



• iDdndes small quantity of moss and stable Utter. 

c Inludes small quantity of ftial, moss, and stable litter. 

COVSUMFTION. 

The consumption of peat and peat moss (production plus imports) 

was 69,661 tons, Valued at $721,877, in 1919; 75,966 tons, valued at 
1957,933, in 1920; and 33,856 tons, valued at $282,873, in 1921. 

BIBTBIBXrCION OP FEAT PIiANTa 

The 21 plants reporting production in 1921 were distributed as 
follows: New Jersey 4, New York 4, California 3, Illinois 2, and 
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Florida. (leorgia, Mussachnsetts, Michigan, Minnesota, New Hamp- 
shire, Xorth Carolina, and Wisconsin 1 each. California was the 
largest producer, with an output of 12,672 short tons, valued at 
$117,580. New Jersey was second in rank, with an output of 12,051 
tons, valued at $94,201) ; and Illinois was third, but the State total can 
not be published without revealing confidential information, as there 
were only two producers. 

FBODUCEBS OF PEAT IN THE UNITED STATES. 

The following individuals and companies reported to the Geo- 
logical Survey that they produced crude peat or peat products in 
the United States in 1921 : 

Alphano Humus Co., WliltehaU Building, New York, N. Y. 

Appleton Peat Products Co., Appleton, Wis. 

Blaine, J. H.. Hopewell Junction, N. Y. 

Cliapman. I. S., & Oo. (Inc.). 937 Third Street. San Bernardino, Calif. 

Craig, William H., Fishkill. N. Y. 

Day, James H., 35 South Street, MUford, N. H. 

Hennepin Atomized Fuel Co., 40C Trihune Annex, Minneapolis, Minn. 

Hiinuis Natural Manure Co., 19^ Broadway. New York, N. Y. 

Hyper-Humus Co., Newton, N. J. 

International Products Co., 132 Boylston Street, Boston, Mass. 

McElhone, Asa, Fishkill, N. Y. 

Manito Chemical Co., Peoria, III. 

Marcrum, J. G., Netcong, N. J. 

National Humus & Chemical Co., Chassell, Mich. 

Pacific Humus Co., 205 Central Building, Pasadena, Calif. 

Phos-Pho Germ Manufacturing Corporation, New Bern, N. C. 

Hanson, Robert, St. Augustine, Fla. 

Riverside Orange Co. (Ltd.), Arlington Heights, Riverside, Calif. 

Sims. Alfred F., Sag Harbor, N. Y. 

Southern Humus Co., Smyrna, Ga. 

Wiedmer Chemical Co., Pierce Building, St. Louis, Mo. 

COMMERCIAL. FACTORS. 

CAUSES OF FAILTJUE. 

Although some of the elements of successful peat production hare 
been mentioned, full descriptions of the factors that control the 
profitable utilization of a peat deposit are here given in order to 
.show the causes of past failures. Some of the attempts made in 
this country to produce peat on a commercial scale have not been 
successful, but many of the failures appear to have been due not to 
a lack of market for the product but to the lack of suflBcient capital* 
to the inexperience of operators, and to the injudicious choice of 
deposits, plant sites, manufacturing processes, and machinery. All 
these factors should be carefully considered by prospective producers- 

LOCATION. 

The location of the deposit is the prime factor in the successful 
operation of a peat plant. Many deposits containing peat suitable 
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for commercial nse are known in all the peat areas, but under 
present conditions in the United States only deposits located near 
the markets and where cheap labor and transportation may be 
obtained can be profitably developed. Thus the conditions for suc- 
cessfully producing peat fuel are most favorable in Minnesota, Wis- 
consin, Michigan, and the New England States, which contain but 
little coal and because of their cold climate and extensive manufac- 
turing industries consume large quantities of fuel. In the Southern 
Atlantic States, although the climate is mild and the demand for 
fuel relatively light compared with that in the Northern States, 
peat is the only local mineral fuel available. (See PL I.) 

Fertilizer plants should, of course, be preferably located near the 
agricultural districts and the commercial fertilizer plants, notably in 
New York, New Jersey, Illinois, and Virginia. As peat fertilizer is 
not well known in this country a market will have to be created in 
many places, but if high-grade products can be sold at a low price 
this should not be difficult. 

QUANTITY AND QUALITY. 

The prospective deposit should be carefully surveyed to insure that 
it contains a sufficient quantity of good peat before plans are made 
for the erection of a plant. Typical samples should be analyzed to 
ascertain whether the peat is of suitable quality for the purpose de- 
sired. One of the great handicaps suffered by the peat industry has 
l^en the lack of uniformly good quality, and as the success of a plant 
depends upon the kind of peat used due care should be observed in 
its selection. 

SIZE OF DEPOSrr. 

The size of the deposit to be selected depends upon the capacity of 
the machinery to be used, but it is generally unwise to erect a plant on 
a deposit less than 100 acres in area and 4 feet in depth. The average 
peat deposit will yield approximately 200 tons of air-dried peat per 
acre-foot. The quantity of peat in a given deposit may therefore be 
approximately determined by multiplying the area in acres by the 
depth in feet and the product by 200. The topographic maps issued 
by the United States Geological Survey show many valuable peat 
.deposits as swamps, the area of which may be readily estimated. The 
dimensions of deposits that have not been mapped should be care- 
fully measured. 

Although peat deposits less than 4 feet deep may be advantageously 
used for the growth of crops, they are ef little value as a source of 
fertilizer, fuel, or other commercial peat products. Numerous tests 
of depth should therefore be made and the average thickness of the 
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peat determined. An earth auger may be employed for this purpose, 
but a sampling tool especially designed by the late Prof. Davis^^ for 
testing the depth of peat deposits was used in field work for this re- 
port and is superior to the earth auger for sampling peat 

SELECTION OF SAMPLES. 

Samples of peat should typify the entire deposit from which they 
are taken or a definite portion of it. Specimens consisting of ma- 
terial taken at depth intervals of 1 foot and at areal intervals of 
100 yards in a small, shallow deposit usually represent the general 
composition of the deposit. It is obviously impossible to obtain a 
typical sample of the peat in a large, deep deposit. Such a deposit 
should be divided into blocks and typical samples taken from each 
block. Tests are generally made at depth intervals of 2 feet and 
areal intervals of one-fourth of a mile in large deposits. The material 
taken from each block may later be mixed in order to obtain a repre- 
sentativa specimen. Structural features should be noted as deposits 
are sampled, and if the peat is distinctly bedded samples should be 
taken from each bed and sepiirately analyzed. If the lower strata 
contain a large proportion of inorganic impurities the fact should 
be noted in order that these strata may be avoided in excavation. 

As analyses of dry peat show its chemical composition and value 
for fertilizer and fuel as well as analyses of wet peat, it is unneces- 
sary to place samples taken for analysis in air-tight containers. For 
a simple test about 10 pounds of raw peat and for a detailed chemical 
analysis about 40 pounds are required. Samples should ordinarily 
be air-dried to a moisture content of about 50 per cent in the field 
and sent to the laboratory in canvas bags. However, if it is desired 
to identify the plant remains, small specimens should be placed in 
sealed bottles or air-tight soil cans, so that the peat may later be 
examined under the microscope in its native condition. 

SIMPLE TESTS. 

Black, thorouglily decomposed friable peat from a deposit that 
has been well drained, aerated, and successfully cultivated for sev- 
eral seasons, is usually suitable for an ingredient of commercial fer- 
tilizers or, when limed and inoculated with nitrifying organisms or 
composted with manure, for a direct fertilizer. 

Some evidence of the fuel value of peat may be obtained from a 
small sample that has been macerated in the hands, pressed into a 
cake, and allowed to dry in the sun. If it is easily disintegrated and 

"DaviR, 0. A., The uses of peat for fuel and other purposes: Bur. Mines BuJl. l^r 
9, 71, 1911. 
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plastic while wet, it may be readily worked in a peat machine, and 
if when dry the cake is dense, tough, and hard, the peat will prob- 
ably make good fuel unless the ash content is too high. However, 
if the dry peat cake is soft, fibrous, and easily crushed, the peat is 
not well adapted to the manufacture of fuel. 

The heating value and ash content of prospective peat fuel for 
home consumption may be determined by a simple practical test. A 
typical sample should be taken from the bog, thoroughly macerated, 
dried, and weighed. If when burned in an ordinary heating stove 
the heat generated is almost equal to that produced by ordinary 
bituminous coal, and if after complete combustion the weight of the 
accumulated ash does not exceed 20 per cent of the weight of the 
dry peat put into the stove, its usefulness as domestic fuel is estab- 
lished. 

PREPARATION OF SXJBFACE. 

The surface of peat deposits must be prepared by draining and 
clearing before the peat can be removed. As these factors have 
already been discussed, only a brief summary is here given. The 
water level should be reduced by a system of tile drains or ditches 
to a point between 3 and 5 feet below the surface. Only deposits that 
can be cheaply drained should be selected. Bogs are usually easy to 
drain, but the drainage of some peat-forming basins is so difficult 
that their surfaces can not be economically prepared for peat produc- 
tion by known methods. Marsh deposits and bogs are cleared by 
removing the living grasses and mosses and grubbing out the shrub- 
bery. The clearing of swamps overgrown by mature trees is expen- 
sive, but this expense is sometimes offset by the value of the timber 
obtained. 

PROCESSES AND MACHINERY. 

The failure of many peat plants in the United States has been 
due to improper choice of manufacturing processes and machinery. 
The excess moisture in the peat must be eliminated at as early a 
stage as possible in the manufacturing process. This drying can be 
most economically done by evaporation on the surface of the deposit. 
Whether for the manufacture of fertilizer or fuel, machinery of 
proved efficiency must be selected. Field equipment propelled by 
caterpillar drives seems to be well suited for use on boggy surf ace& 
The most successful peat- fuel machinery that has been used in North 
Ajnerica was designed by the Canada department of mines and 
operated at Alfred, Ontario. John N. Hoff, of New York City, 
has successfully operated peat-fertilizer machinery for several years 
on a deposit near Great Meadows, N. J. Though experimental work 
is always conmiendable if it is properly limited, the methods and 
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machinery that are successful elsewhere in North America and in the 
peat^producing countries of Europe should be used. The peat in- 
dustry of European countries is well developed, and detailed infor- 
mation concerning European peat machines is available in Bureau 
of Mines Bulletin 16 and in the report by Nystrom, published by tiie 
Canada Department of Mines.^* 



The principal markets for fertilizer peat are in or near the great 
agricultural States, notably New York, New Jersey, Illinois, Vir- 
ginia, Kentucky, Tennessee, and Florida, and the largest buyers are 
the manufacturers of commercial fertilizer, brokers in fertilizing 
materials, florists, and farmers. Markets could probably be created 
in many other agricultural States. Stock- feed peat is sold to manu- 
facturers of stock feed and to live-stock growers. Practically all 
the peat deposits in this country occur in regions remote from coal 
Relds, and it seems that markets for peat fuel might therefore be 
created in some of the States where peat is abundant. 

AREAS OF SPHAGNUM MOSS. 

Sphagnum moss grows in low, imdrained regions where the hu- 
midity of the air is high and the temperature low and where other 
conditions of growth are favorable. These conditions are found in 
the extreme northwestern and northeastern parts of the United 
States, as well as in the northern part of the Great Lakes States. 

Northwestern States. — ^The largest areas of high-grade sphagnum 
moss in this country are in Washington and Oregon. It is estimated 
that there are 25,000 acres of bog land in the western part of Wash- 
ington alone, much of which is overgrown by sphagnimi moss suit- 
able for surgical dressings and packing material. Some of this moss 
grows in climbing bogs, and in a few of these bogs the center is 
higher than the margin, a condition especially favorable for the 
growth of surgical sphagnum. 

N ortlieastem States. — ^According to G. E. Nichols,*^ the bogs of 
Maine contain more sphagnum than those of any other State in the 
North Atlantic region, but relatively large sphagnum bogs also 
occur in some of the other Northeastern States. Sphagnum moss 
suitable for surgical dressings, as well as for other purposes, grows 
in the following localities : 

s«NyRtrom, Erik. Peat and Ugnito. their manufacture and uses in Europe: Canada 
Dci»t. of Mlnes^. Mines Branch, 247 pp., 33 pis., 1908. 
>7 Nichols, U. E., written communlcatlona^ 1918. 
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Maine: 

Aroostook Coanty : Otter Pond. 
Penobscot County : Alton Bogs. 
. Waldo County : Cross Pond, 
Washington County : L<ake Hadley, 

Lake Meddybemps. 
New Hampshire: 

Cheshire County: Bog near East 

Jaffrey. 
Hillsborough County: Bogs near 

Greenfield, South Mllford, and 

Ponemah. 
Rockingham County: Bog near 

Fremont 



Vermont : 

Addison County: Bristol Pond, 

East Monkton Bog, Monkton 

Bogs. 
Grand Isle County : Isle La Motte 

Bog. 
Franklin County : Cranberry 

" Marsh." 
Massachusetts : 

Middlesex County: Littleton Bog, 

Tophet " Swamp,'' West Bedford 

Marsh. 
Norfolk County: Norwood Bog, 

Wali)ole Bog. 



Many other areas in the Northeastern States are overgrown by 
sphagnum, but most of it is not suitable for surgical dressings. 
However, it could be advantageously used for packing material and 
stable litter. Further references to areas in the New England States 
that contain sphagnum are made in the discussions of the localities 
tested for peat. 

Other States. — ^Although large areas of sphagnum are found in the 
Great Lakes States, varieties suitable for surgical dressings are not 
abundant because of the excessive heat in summer and the extreme 
frost in winter. The largest sphagnum bogs in this region occur in 
Beltrami, Itasca, Koochiching, and St. Louis counties, Minn.; in 
the northern counties of Wisconsin, Michigan, and Indiana; in 
northern and western New York ; in Portage County, Ohio ; and in 
Pennsylvania. Immense quantities of moss that might be used for 
packing material, paper stock, and stable litter could be obtained 
from these bogs. In New York surgical sphagnum grows in the 
bogs of the Adirondack region in the northern part of the State ; in 
the Cicero Swamp, north of Syracuse ; at Mud Pond, near Fairville ; 
and in the western part of the State. Small quantities of surgical 
sphagnum grow in a few bogs in Pennsylvania, but according to 
Jennings Sphagnum pajnUomm^ one of the best species, does not 
occur there. The Pymatuning Swamp near Hartstown, Lost Pond, 
Long Pond, and Half Moon Lake contain sphagnum, but it is not 
well adapted for surgical use. The best species probably occur in 
the highlands of the north-central and western parts of the State. 
A list of the areas in western Pennsylvania that contain sphagnum 
may be found in a report by Jennings.^® Areas covering many 
square miles in Camden County, N. C, are said to contain Sphagrmm 
cymhifoliwm^ one of the highest grades of peat moss. 

Further data showing the specific location of sphagnimi in the 
different States are given in the discussions of localities where the 
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peat was sampled. The large quantity of sphagnum peat in tiie 
domestic deposits shows that sphagnum moss grew more extensively 
in this country in former times than it does now. It seems that 
when many sphagnum bogs matured and uncongenial trees and 
other plants appeared the sphagnum could not survive and that it 
died out in other bogs when the tamarack was cut. 

MARL AND OTHER LIMESTONE DEPOSITS ASSO- 
CIATED WITH BEDS OP PEAT. 

OENE&AL CONDITIONS. 

Many peat deposits in the northern or glacial region are under- 
lain by beds of marl, a white or gray claylike variety of limestone 
composed largely of calcium carbonate (CaCO,), which was brought 
into lakes and marshes by springs or stream waters and precipitated 
through the agency of blue-green algae and stone woiis (Chara). 
These plants extract carbon dioxide from the water and thus cause 
the deposition of the lime held in solution. Def>osits of fresh-water 
marl are common in Wisconsin, in the southern peninsula of Michi- 
giin, in northern Indiana, Illinois, and Ohio, in western New York, 
and in northwestern Pennsylvania. Shell limestone deposited by 
organisms is another kind of calcareous material which commonly 
occurs beneath peat in the coastal region. Dense fine-grained lime- 
stone, marble, travertine, oolitic limestone, and chalk, though not 
generally associated stratigraphically with peat, commonly occur in 
regions near peat deposits. On account of its acidity much peat 
land is of little value for general farming when first cleared, but it 
could be economically treated with lime from associated or near-by 
deposits and made to yield large alkaline or neutral-soil crops. Brief 
reference to the treatment of limestone for agricultural use and to 
the effect of lime on peat soils is made on page 65. Data concerning 
beds of both fresh-water and marine marl that occur in association 
with peat arc given in conjunction with the discussions of peat 
localities on pages 91-202. 

The following extract from a paper by Burchard and Emley*' 
shows the age and general location of the principal limestone forma- 
tions in the States that contain the most valuable peat deposits. 

DISTBIBTTTION OF LIMESTONE BY STATES. 
NEW ENGLAND STATES. 

Practically all the limestone in the New England States is so 
higlily crystalline as to be considered marble. The principal areas 

» Burchard. E. F., and Emlpy, W. E., The sonrcc, manufacture, and use of lime : V. 8. 
Geol. Sur^-ey Mineral Reeources, 1913, pt. 2, pp. 1530-1546, 1914. 
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of calcareous rocks are near the coast of Maine, in Knox and Waldo 
counties, and in western Vermont, Massachusetts, and Conne(*ticut. 
Lime is the principal product of the area in Knox County, ilaine, 
and it is made also in Berkshire County, Mass., and in Litchfield and 
Fairfield counties. Conn. In Vermont also the marble is suitable for 
the manufacture of lime, although the production of lime in that 
State falls below that of the other States mentioned. 

NEW YORK, NEW JERSEY, AND PENNSYLVANIA. 

New York and Pennsylvania are both especially rich in limestone. 
A belt of Silurian limestones extends eastward from Buffalo nearly 
across New York, and adjoining this belt on the south are Devonian 
fonnations, which also carry limestones. On account of the prox- 
imity of these limestone areas to several east-west railroads and of 
the exceptional purity of the stone, they are extensively (juarried, 
especially for flux for blast furnaces at Buffalo. East of I^ke On- 
tario, in addition to a lobe of Silurian limestone there is an area of 
Ordovician rock which contains limestone in the vicinitv of Water- 
town. Along St. Lawrence River and the northern end of Lake 
Champlain, Cambrian and Lower Ordovician limestones occur, and 
quarries are operated iji the vicinity of Ogdensburg and Plattsburg. 
Lime is burned at many of these localities in New York, but the 
lime industry is much more widely distributed in Pennsylvania than 
in New York. In Pennsylvania limestones of commercial value occur 
in the western half of the State in the Carboniferous areas, and 
chiefly in the Pennsylvanian (" Coal Measures ") formations. From 
the middle of the State eastward the limestones are chiefly of late 
Cambrian, Ordovician, Silurian, and Devonian ages, and the limestone 
areas are distributed in long, narrow strips, analogous to the out- 
Crops of the "valley'' limestones in the southern Appalachians. 
The dips of the beds in eastern Pennsylvania are steep as compared 
with those in the western half of the State. 

Many of the limekilns in Pennsylvania are small and are operated 
intermittently by the farmers to furnish lime for local fertilizers. 

Much of the limestone of New York, especially in the western half 
of the State, is high in calcium carbonate; in Pennsylvania both 
high-calcium and high-magnesian stone occurs in abundance, the 
magnesian rock being especially well represented in the valleys of 
southeastern Pennsylvania. The "cement" rock and purer lime- 
stone beds of the Lehigh district in eastern Pennsylvania are quarried 
to some extent for crushed stone. Near Philadelphia the limestone 
has been subjected to intense folding and pressure, and in many 
places the beds have been recrystallized to marble, although they are 
utilized mostly for lime rather than for marble* In northwest New 
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Jersey the beds utilized for crushed stone in the Liehigh district of 
Pennsylvania extend into Warren, Sussex, and Hunterdon counties, 
N. J. Much of this rock is highly magnesian. 

The New Jersey stone area is limited to the northwestern and 
northern parts of the State, for the deposits of the Coastal Plain, 
which underlie the remainder of the State, consist mainly of feebly 
consolidated materials, such as clay and sand. 

MARYLAND, DELAWARE, VIRGINLA, WEST VIRGINIA, NORTH CAROLINA, AND 

SOUTH CAROLINA. 

The limestones of this area fall physically into three groups: (1) 
The nonmetamorphosed limestones of the Appalachian valleys; (2) 
the metamorphosed or crystalline limestones of the Piedmont region, 
both of which are hard limestones; and (3) the soft limestone of the 
Coastal Plain. The great limestone deposits of the valley of Vu> 
ginia are the most noteworthy in this area. They are easily accessi- 
ble and consequently are extensively utilized for lime burning. 
These same limestone belts extend from northern Virginia across 
the corner of West Virginia and through Maryland into Pennsylva- 
nia and Delaware. West of the AUeghenies there are deposits 
in eastern West Virginia, but only in the northern part of the State 
are they extensively utilized for the production of stone and lime. 
South westward they extend into Tennessee. Limestone is not abun- 
dant in the Piedmont region, except where it has been altered to 
marble, but it is quarried in a few places, notably in Henderson, 
Transylvania, and Yadkin counties, N. C; Cherokee County, S. C; 
Ix)udoun County, Va.; and Frederick and Carroll counties, Md. 
The hard limestones may be either high-calcium or magnesian rocks. 
The soft limestones of the Coastal Plain consist largely of shell marl, 
and important quarries are situated in Norfolk Coun^, Va. ; Craveft 
and Jones counties, N. C. ; and Charleston County, S. C. The shell 
limestones are generally quite pure and contain little magnesia, but 
they contain considerable silica in places, owing to the admixture of 
sand. 

TENNESSEE, MISSISSIPPI, ALABAMA, GEORGIA, AND FLORmA. 

Calcareous rocks predominate, at least so far as suitability for 
quarrying is concerned, in Tennessee, northern Alabama, and north- 
em Georgia, and much of the limestone is suitable ipr the manu- 
facture of lima In Franklin County, Ala., there are extensive 
quarries in an oolitic limestone that strongly resembles the famous 
Bedford (Ind.) limestone, and is of about the same geologic age. 
Much of the limestone quarried in these States is crushed for con- 
crete^ railroad ballast, wagon roads, and for fluxing iron ores. Some 
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hard lioaestone occurs in Tishomingo County, Miss., but owin^ to 
the proximity of large quarries in Alabama it has not yet been uti- 
lized to an appreciable extent. In the deposits of the Coastal Plain 
there are soft limestones of Cretaceous and Tertiary age. In Choc- 
taw, Clarke, and Washington counties, Ala., these rocks are utilized. 
Florida is largely underlain by beds of shell marl and chalky lime- 
stone of Tertiary and Becent age, but these limestones are covered, 
for the most part, by comparatively thick deposits of sand and 
gravel. The Coastal Plain material that is utilized in this State for 
limestone and lime is mainly in the vicinity of Ocala. 

•f 

WISCONSIN AND MICHIGAN. 

A considerable part of the area of Wisconsin and Michigan is 
thickly covered by glacial deposits of clay, gravel, and sand. Doubt- 
less this cover retards the development of quarries to some extent, 
first by obscuring outcrops of good limestone and second by the ex- 
pense which its removal entails in quarry operations. Silurian rocks 
underlie the greater part of the eastern tier of countis in Wisconsin 
and contain a thick formation of magnesian limestone. This rock is 
quarried in many places for stone to be burned into lime and also to 
be crushed for concrete^ macadam, and railroad ballast. The prox- 
imity of some of the quarries in eastern Wisconsin to water trans- 
portation on Lake Michigan has greatly aided their rapid develop- 
ment. The Silurian rocks on the west and extending across the 
southern tier of counties are bordered by a belt of rocks of Middle 
and Upper Ordovician age, which also contain, magnesian limestone. 
The limestone quarries west of Green Bay and west and south of 
Lake Winnebago, as well as those in the southern counties, are in 
these rocks. Between the border of the Middle Ordovician area and 
the crystalline area of north-central Wisconsin is a wide belt of rocks 
of late Cambrian and early Ordovician age, consisting chiefly of 
alternating beds of sandstone and magnesian limestone. There are a 
few limestone quarries in these rocks, mainly near Mississippi River 
between Prairie du Chien and Hudson. The greater part of the lime 
made in Wisconsin is burned from Silurian magnesian limestone in 
the eastern part of the State, but there are a few small kilns burning 
lime for local use in the southern and western areas. One thin for- 
mation of relatively high calcium Ordovician limestone is burned for 
lime in Lafayette County. 

In Michigan Devonian formations, consisting largely of limestone, 
border the northern part of the southern peninsula of the State along 
Lakes lifich^an and Huron and also cross the southeastern part of 
the State from Lake St. Clair to the Ohio line. A small area of 
Silurimn limeBtone bordeis Lake Erie in the extreme southeast comer 
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of the Stitte. and at the extreme noitbem point of the aoiitiMm poiin- 
Kula there is lisfj a liarrow strip of Silurian nx:k5. Bordering the 
north ffif} of Lake Michigan and the Strait of Maddnac are Silurian 
fomiations that constitute the country rock for arane diHtanffi \mA 
from the shore in the northern peniiwnla. This is an extension of 
the belt of rocks that borders Lake Michigsn in eastern Wisconsin. 
Adjoining the Silurian area on the west and north aie ro^ of Mid- 
dle and Upper Ordovician age that enter the State from west of 
Green Bay. Wis., and succeeding these rocks toward the west and 
north are formations of late Cambrian and Ordorieian age that foim 
the .shore line of Lake Superior east of Marqurtte and part of the 
shore line Ijetween Marquette and Keweenaw Point, but which con- 
tain little limestone of importance. The central area of the southern 
peninsula of Michigan is imderlain by rocks of Carboniferous age, 
largely .sandstone and shale. The limestone quarries in Michigan 
are therefore distributed mainly around the borders of the southern 
peniasula and near the shores of Green Bay and Lake l^chigan in 
the northern peninsula, and are mainly in rocks of Ordovician, Si- 
lurian, and Devonian age. There are certain exceptions, howev^, 
such UK the quarries near Saginaw Bay, which are in Mississippian 
limestone. The limestones of the Carboniferous and of the Devonian 
arc generally hi^h-calcium rocks; the lower limestones are generally 
high in magnesium. 

ILIJNOT8, INDIANA, OHIO, AND KENTUCKT. 

The central part of Illinois is so heavily drift laden that quarries 
can not generally bo opened economically, and this condition applies 
also to much of the area of northern and central Indiana and to parts 
of Ohio. 

In this gn)up of States the principal limestone formations are of 
Ordovician, Silurian, Devonian, and Carboniferous age. Of the Car- 
boniferous rocks the lowest or Mississippian series contains the most 
important limeRtone formations in the western part of the area. In 
Illinois the Ordovician formations in the north-central part, the Silu- 
rian in the Cliicago area, and the Silurian and Devonian in the north- 
wostern i)»irt of the State are all worked for limestone. Some high- 
en lei um limestone is found in the Ordovician, but the beds are mainly 
mngnesian. The Silurian limestones are also magnesian, but the 
Dovoiiian limestone carries a high percentage of calcium carbonate. 
Along Mississippi Biver and the lower Illinois Valley ipractically all 
the limestone quarries are in Mississippian rocks, which are generally 
well exi>osod in the bluffs, and consequently economical quarrying 
sites are not diflicult to find. Thus far development has taken place 
principally at points where railroads happen to be built near good 
limestone outcrops, although, of course, some quarries have been 
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opened at a distance and connected with the main line by spur tracks. 
On Ohio Biver in southern Illinois Mississippian rocks are also quar- 
ried. In eastern Illinois a few quarries have been opened in Penn- 
sylyanian rock, notably a large quarry producing limestone for blast 
furnace flux and Portland cement in Vermilion County. The Car- 
boniferous rocks generally are fairly high in calcium and low in 
magnesium, but the Mississippian rocks particularly are apt to con- 
tain a considerable percentage of silica, in some places in the form of 
chert. Lome is made from all these limestones in Illinois. 

Indiana is underlain by formations having the same range in age 
as those in Illinois. The Pennsylvanian rocks outcrop in western 
Indiana ; Mississippian rocks are found in a belt a little west of the 
middle of the State and in an area in the extreme northeast comer ; 
Devonian and Silurian formations underlie the northwestern, cen- 
tral, and northeastern portions, with Ordovician rocks in the south- 
east comer, which is affected by the Cincinnati anticline. The lime- 
stone quarries in Indiana are chiefly in the Mississippian, Devonian, 
and Silurian formations. Thirty-eight counties are reported as pro- 
ducers of limestone. Lawrence and Monroe counties are the princi- 
pal producers of building stone in the State. The famous oolitic 
limestone quarried about Bedford as a center occurs in these counties 
in a favorable situation for quarrying. This limestone is of Missis- 
sippian age and has few counterparts in the United States so far as 
its physical characteristics are concerned. This Bedford stone is of 
medium fine-grained, even texture, and is composed of small round 
concretionary grains and of broken fragments of fossils, all com- 
pactly cemented together by calcite. The stone occurs in masses 30 
to 50 feet and even 70 feet thick. 

In addition to the counties mentioned Owen, Crawford, Harrison, 
and Washington counties, Ind., are said to be underlain by this 
oolitic limestone. In Bartholomew, Decatur, Jennings, and Ripley 
counties there is considerable quarrying in limestone of Devonian 
and Silurian age, and farther north, in Delaware, Grant, Wabash, 
and Huntington counties there are many quarries. This latter area 
is mainly in magnesian limestone of Silurian age. Some lime is 
burned from the Silurian limestone in Indiana, but the greater part 
of the output comes from the high-calcium Mississippian oolitic rock. 

In Ohio the limestone quarries are chiefly in tliree ai^eas which 
correspond to three geologic systems of rocks. In the northwestern 
and western parts of the State the quarries are very largely in Silurian 
magnesian limestone ; in southwestern Ohio near Cincinnati rocks of 
Ordovician nge yield limestone low in magnesia but rather high in 
silica, or in silica and alumina; in eastern Ohio, in Carroll, Stiirk, 
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Tuscarawas, and other counties. Pennsvlvanian limestones ire 
quarried. These latter rocks are high in calcium carbonate. Lame 
is burned principally from the magnesian Silurian limestone and 
from the higfa-calcium Pennsrlranian beds. 

Kentucky is underlain by the same geologic formations that hire 
been menticmed above in Illinois, Indiana* and Ohio. In hid, 
these four States are more closely associated geologically than any 
other group of the United States haying an equal area. Kentucky 
has a less area, however, of Silurian rocks, these formations being 
confined to a narrow strip in central Kentucky around the border 
of Ordovician rocks that form the Cincinnati anticline. The forma- 
tions that yield the greater part of the limestone quarried in Kentucky 
are of Ordovician and Mississippian age. The Ordovician system 
is represented in the central part of the State southward f hhu Cincin- 
nati, Ohio, and quarries in it are operated in Harrison, Bourbon, 
Scott. Franklin, Anderson, Fayette, Jessamine, Mercer, Boyle, 
and other counties. A small quantity of lime is burned in this area. 
Limestone quarries in Mississippian rocks are scattered pretty well 
through the southern part of the State, but the most important 
area is near Bowling Green, Warren County. An oolitic limestone 
outcrops here, very similar in ph^-sical characteristics and of nearly 
equivalent age to the stone described above occurring in the Bedford 
(Ind.) district. This oolitic limestone is in a massive, homogeneous 
stratum 22 feet thick. Other areas of oolitic stone occur near Somer- 
set, Pulaski County, and in Barren, Simpson, Logan, Meade, Hardin, 
Grayson, Caldwell, Todd, Christian, Wolfe, Powell, and Rockcastle 
counties and is quarried in a few of them. This oolitic stone has 
a high content of calcium carbonate and is burned for lime at 
Bowling Green and several other places. 

MINNESOTA. 

The limestone areas are mainly in the southeastern part of Min- 
nesota along Mississippi River and westward to the middle of the 
southern part of the State. 

A considerable part of Minnesota is thickly covered with glacial 
deposits of clay, gravel, and sand. Probably this cover retards the 
development of quarries to some extent, first, by obscuring outcrops 
of good rock, and, second, by the expense which its removal entaik 
in quarry operations. The majority of the stone quarries are, there- 
fore, near the streams, where erosion has cut sections through the 
glacial drift and exposed the hard rock, generally in terraces or bluffs. 

Much of the limestone quarried along Mississippi River and its 
tributaries in Houston, Winona, Wabasha, Goodhue, and Washing- 
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ton counties is of Cambrian and Lower Ordovician age. The beds 
are generally highly magnesian and received the name " Magnesian " 
limestones in early geological reports. They are blue when freshly 
mined, but weather to a buff color. They lie horizontal and in beds 
fromi a few inches to a foot or two in thickness. This belt of rock 
extends up Mississippi Biver nearly to St. Cloud and up Minnesota 
River beyond Mankato; it is quarried extensively near Kasota and 
Mankato both for building stone and for natural cement and at other 
places for crushed stone and for the manufacture of lime. Along 
Mississippi Biver the limestone is used extensively for riprap. 

Overlying the Cambrian and Lower Ordovician rocks in south- 
eastern Minnesota, between Mississippi and St. Peter rivers, are rocks 
of Middle and Upper Ordovician age, including the so-called " Tren- 
ton ** limestone. Quarries have been opened in these beds near 
Rochester, Mantorville, Faribault, and Minneapolis. The color and 
bedding of these rocks are similar to those of the earlier Ordovician 
rocks. Near Faribault certain of the limestone beds consist of so 
nearly pure calcium carbonate that the stone has been burned for 
the manufacture of lime for use in beet-sugar refining. Most of the 
material for structural purposes produced from the so-called " Tren- 
ton ^ limestone is used in the form of rubble and crushed rock. 

The loctfl surface rock at Minneapolis is the so-called " Trenton " 
limestone. This rock consists of beds of high-calcium, fine-grained, 
dense light-gray rock, beds of bluish to greenish argillaceous mag- 
nesian limestone, and beds that approach shale in texture. The first- 
mentioned beds are the most desirable for all purposes, but most of 
the quarries are obliged to move considerable of the inferior stone, 
and more or less of it is worked into the product. 

Lime is burned from local stone in the following Minnesota] 
counties: Blue Earth, Fillmore, Goodhue, Mower, Rice, and Scott. 
As noted above, the limestone in most of these counties is magnesian, 
but that in Rice and Mower counties is high in calcium carbonate. 
Analyses of certain of these limestones and limes are given in 
Mineral Resources for 1911, Part II, pages 673 and 701. The mag- 
nesian stone is of Ordovician age, earlier than the "Trenton," and 
the high-calcium stone belongs to the so-called " Trenton " and later 
formations. The quarry at Le Roy, Mower County, is in an area of 
Devonian rock. 

Limestone is quarried in 16 counties in Minnesota, 6 of which 
produce lime ; and in addition lime is burned near Duluth from stone 
quarried in Ohio and shipped by boat through the Lakes. As at 
present developed there are more quarries of limestone in Minnesota 
than of any other rock, and if the value of the output of lime, as 
well as of limestone, is considered, the industry based on limestone 
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quarrying yields more wealth than any other phase of the quarrying 
industry. 

IOWA. 

Although a considerable part of the surface of Iowa is covered 
with glacial drift, streams have so dissected the drift mantle as to 
produce many good exposures of the underlying beds of hard rock. 
Paleozoic rocks underlie the eastern two-thirds as well as the 
southwest comer of the State. Cretaceous rocks underlie the re- 
maining northwestern portion, with the exception of a few square 
miles in the northwest comer, which are underlain by Huronian 
(Sioux) quartzite. The Paleozoic rocks, which begin with the 
Cambrian and Lower Ordovician along Mississippi Biver, in the 
northeast comer of the State, outcrop in successive northwest- 
southeast belts and include rocks of Middle and Upper Ordovidan, 
Silurian, . Devonian, and Carboniferous age. The Carboniferous 
rocks include large areas of Mississippian and Pennsylvanian rocks, 
and a very small area of probably Permian beds in Webster County. 
The Cambrian and Ordovician systems comprise beds of magnesian 
limestone, soft, friable sandstone, and some fairly high calcium 
limestone; the Silurian and Devonian systems carry magnesian 
limestone and high-calcium limestone, respectively; the Mississip- 
pian scries is composed mostly of high-calcium limestone, but some 
magnesian and some cherty beds and some sandstone; and the 
Pennsylvanian series contains much sandstone and a smaller pro- 
portion of shaly limestone. Most of the systems contain shale, but 
no account is taken of that material in this connection. 

The distribution of stone quarries follows closely that of the 
streams and incidentally that of the railroads, and also falls almost 
entirely within the area of Paleozoic rocks. With possibly the ex- 
ception of limestone quarries in Montgomery County, apparently 
there are no regularly working quarries in the Cretaceous areas, 
although doubtless there are a few local pits that produce limited 
quantities of Cretaceous limestone for use on the farms. 

The limestone quarries of Iowa are distributed over the eastern 
two-thirds of the State and have been opened in each of the Paleoasoic 
limestones mentioned above. Probably the greater number of quar- 
ries are in limestone of Mississippian age, although there are numer- 
ous quarries in the Cambrian and Ordovician areas. There are 
about 243 limestone quarries in Iowa in 42 counties. Twenty-three 
of tliese quarries in 7 counties produce stone for making lime. 
High-calcium lime is burned from formations of Mississippian and 
Devonian age, and magnesian lime is produced from llkCssissippian 
and Ordovician rocks. 
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LOUISIANA. 

Practically the whole of Louisiana is within the Coastal Plain, 
and is underlain by formations of Tertiary and Quaternary age, 
consisting principally of clay, sand, and soft limestone. Locally 
there are hard beds of limestone and sandstone in the Tertiary de- 
posits, and if situated conveniently to transportation lines they may 
be quarried. 

The only limestone reported as quarried in Louisiana is near Wiim- 
field, Winn Parish. Hand specimens of this limestone sent to the 
Survey are of a dense, subcrystalline, bluish limestone, gashed and 
seamed with white calcite veins from the thickness of a knife blade 
up to three- fourths of an inch. The material makes a good crushed 
stone for ballast, macadam, and concrete. An analysis published in 
Mineral Besources for 1911 shows nearly 92 per cent calcium carbon- 
ate, and the material is probably suitable for the manufacture of 
lime. 

DISTRIBUTION OF PEAT DEPOSITS AND QUANTITY 

OP PEAT AVAILABLE. 

GENEBAL FEATTJBES. 

The most valuable peat deposits of this country may be roughly 
assigned to two general regions — the northern or glacial, and the 
Atlantic coastal — and this division, though partly geographic, indi- 
cates the chief differences in origin and in the quality of the peat. 
The northern peat region, which contains the most extensive deposits 
in the United States, includes Minnesota, Wisconsin, Michigan, east- 
em South Dakota, the northern parts of Iowa, Illinois, Indiana, and 
Pennsylvania, and New York, New Jersey, and the New England 
States. (See PL L) This region is characterized by numerous 
ponds, marshes, and lakes formed by glacial action during Pleistocene 
time and by relatively low temperature and high humidity in the 
growing season. Most of the peat originated in basins. Probably 
the largest peat deposit in this country is in the northern region. It 
covers nearly 4,000 square miles, or about 2,500,000 acres, in Beltrami, 
Koochiching, Roseau, and Marshall counties, Minn. The Great Lakes 
States contain a larger quantity of high-grade workable peat than all 
other States. New England has many climbing bogs and much 
sphagnum peat, and the most extensive deposits occur in Maine and 
Massachusetts. It is estimated that in Maine alone there are deposits 
which would yield 100,000,000 short tons of air-dried peat, 48,000,000 
tons of which are readily accessible. New England peat is of good 
quality. 

The Atlantic coastal region, which contains many workable de- 
posits, embraces the southern part of Delaware, the eastern parts of 
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Maryland, Vir<rinia, North Carolina, South Carolina, and Georgia, 
and all of Florida. The nearness of the ocean causes heavy rain- 
fall and hiph relative humidity in this repion, and the deposits occur 
in drowned vallevs and la<roons, which were formed bv the OTadual 
subsidence of the Coastal Plain and by wave action, and on flat, im- 
j)erfectly drained areas farther inland. This region is characterized 
by many salt and fresh water marshes and swamps, in which the de- 
posits have been formed largely by trees, sedges, and marsh grasses, 
some of the grasses tolerating salt water around their roots. The 
largest deposits of good peat in this rcgion are in Virginia, North 
Carolina, and Florida. 

Although there are a few peat deposits along the coasts of the 
New England States and New Jersey that are related in origin and 
composition to those assigned to the Atlantic coastal region, by far 
the most numerous bogs of the Northeastern States are of the filled- 
basin kind, and these States are therefore classed in the northern 
region. 

Peat also occurs in a narrow belt of land adjoining the Gulf Coast, 
in Siskiyou, Tx)s Angeles, Orange, and San Bernardino counties, 
Calif., in the valleys of Sacramento and San Joaquin rivers, and in 
the basis of several lakes and rivers in Oregon and Washington. 

In 19()9 the total cjuantity of known peat in the United States, ex- 
clusive of Alaska, calculated as air-dried peat, was estimated to be 
12,889,000,000 short tons,-^ but recent field investigations seem to 
justify an inn*ease of this figure to 18,827,()00,0(X) tons, distributed 
as follows: 



Approximntc (U.9trihution of knoicn prat in the United Biatcs, by States {esti- 
mated as air-dried pent). 



Northern roplon: 
Minnesota.... 
Wisconsin.... 

Michigan 

Iowa 

Illinois 

Indiana 

Ohio. 



TennsylvaniA . 
New \ (»rk 



Now Jersey 

l^laine ....' 

Nfw Hampshire. 

Vermont 

Massachusetts... 

(Connecticut 

Rhode li^Uind . . . 



State. 



Area 
(acres). 



6,217,000 
1,000,000 



42,000 

"66,666' 
'866,' 666' 



Qonttty 
(sborttoni). 



2,900,060^000 



[OOO 

:o« 

iS,Qbo;ooo 
^o%ooo 



11,050,000.000 



21 Davis. C \.. r«it resrtunvs of the I'nltrd Slntcs oxclusive of Alaska: U. S. G«?ol. 
Survey liuU. :JI>4, pp. 05-G«. 10(M). 
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Predominant Tyi'es of Peat Deposits in Northern Minnesota. 
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ApprtMPimate distribution of peat in the United States, 6y States — Contlnue<l. 



state .'^^^^ Quantity 

^^^^' ' " (short tons). 



Atlantic coastal region: 

Virdniaand North Carolina 700,000,000 

norida 2,000,000,000 

Other Stat€8o i 2.000,000 

I ! 2,702,000,000 




Other regions: 

Gulf Coast ^ ' ' 2,000,000 

Calif«»miii i 60,000 i 72,000,000 

Oregon and Washington ' 1,000,000 



.1 75,000,000 



Grand total 1 , 13,827,000,000 

I I 



a Includes Delau'are, Maryland} South Carolina, and Georgia, 
fr Exclusive of JQorida. 



NOBTHEBN BEGION. 

MINNESOTA. 



The peat deposits in Minnesota, which are the most extensive in 
the United States, occur in basins that are of glacial origin. The 
largest of these basins are in the area that was covered by the waters 
of glacial Lake Agassiz and of other temporary glacial lakes. Besides 
these there are many deposits in ponds, marshes, and swamps in the 
smaller basins in the glacial drift. Most of the large filled-basin 
deposits matured long ago and are covered with built-up peat. Most 
of the peat occurs in spruce and tamarack swamps, known locally 
by the Indian term " muskeg." (See PI. V.) Cedar swamps are also 
common. Sphagnum moss, sedges^ grasses, and heath shrubs are 
the most notable plants that grow in the open areas. The greater 
part of the sphagnum is unsuitable for surgical use, and good moss 
for this purpose was found only in the vicinity of Cohasset, Cole- 
raine, Deer River, Warba, and Wawina, Itasca County; Littlefork, 
l^rgie, Nakoda, and Wisner, Koochiching County; and Elmer, 
Flood wood. Island, and Wallace, St. Ix)uis County. The most ex- 
tensive peat deposits lie in the northern part of the State ; but some 
I^eat occurs in nearly every county except in the Red River district 
of western Minnesota and the Driftless Area in southeastern Minne- 
sota. However, the deposits of workable extent may be roughly 
assigned to the three areas described below : 

1. The northern area includes the "muskeg" swamps of Aitkin, 
Beltrami, Cass, Clearwater, Crow Wing, Itasca, Koochiching, Roseau, 
and St. Louis counties. (See PI. VI.) This area contains more 
])eat than any other of equal size in the United States. There arc 
about 1,300,000 acres of peat land in Beltrami County alone. Koochi- 
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ching and St. Louis counties each contain at least 1,000,000 acres of 
peat, most of whicli exceeds 6 feet in depth. 

2. The central area embraces Anoka, ChiBag:o, Douglas, Hennepin, 
Isanti, Mille Lacs, Ramsey, Sherburne, Washington, and Wright 
counties. The deposits of Anoka County, within a few miles of 
Minneapolis and St. Paul, contain a large quaqtity of good peat. 

3. The southern area includes Blue Earth, Carver, Dakota, Free- 
bom, Le Sueur, Nicollet, Rice, Scott, Steele, and Waseca counties. 
The deposits in this area are relatively small and shallow. 

It is estimated that the deposits of Minnesota are capable of yield- 
ing 6,835,000,000 short tons of air-dried peat, the distribution of 
which, by counties, is shown in the following table : " 

• air-dried prat, 
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Information concerning the chemical composition of this peat a 
given in the tables of analyses (pp. 37-42). Nearly all the accessible 
peat deposits in Minnesota are described in detail in Bulletin 16 ot 
the Minnesota Geological Survey. 
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Most of the peat deposits of Wisconsin, like those of Minnesota, 
occupy depressions formed by glacial action during the WisconMn 
stage of glaciation. Large spruce-sphagnum and tamarack-sphagnum 
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}0g8 and swamps predomiitat^ in the northern part of the State, 
tnd many grass-sedge meadows and marslies occur in the southern 
part The deposits that have been tested range from 1 to 20 feet in 
depth and from 1 to 32,000 acres in area. Much peat in northern 
Wisconsin has been destroyed by fire, and the charred remains, 
deeply buried in some places beneath thick fibrous peat, indicate 
that the conflagrstion occurred thousands of years ago. Many areas 
bave been only recently damaged by fire, and the underlying peat 
ia covered with 2 or 3 feet of charred material. In some places the 
arlier vegetation has been destroyed, and entirely different plants 
ha.ve succeeded. 

The general distribution of undrained land in Wisconsin is shown 
in Plate VII, Valuable peat deposits are found throughout the 
State except in the southwestern part. There is some peat in nearly 
ill the undrained areas, but the most valuable deposits are in the 
following counties: Ashland, Dane, Dodge, Door, Florence, Fond 
iu Lac, Green Lake, Jefferson, Juneau, Kewaunee, Langlade, Mari- 
nette, Marquette, Oconto, Oneida, Price, Rock, Sawyer, Shawano, 
Sheboygan, Vilas, Walworth, Waukesha, Waupaca, Waushara, Win- 
nebago, and Wood. A detailed description of the areas that have 
been tested for peat is gtven in a State report" 

It is estimated that there are a little more than 1,000,000 acres of 
peat land in Wisconsin capable of yielding 2,500,000,000 short tons 
of air-dried peat. The following table" shows the distribution, 
icreage, depth, and contents of 50 deposits that have been examined 
by the Wisconsin Geological and Natural History Survey. The ap- 
proximate location of these deposits, which include a little more than 
me-tenth of the total area of peat in the State, is shown in Plate 
fll. The chemical composition of (he peat is shown in the table 
if analyses (pp. 61-67). 
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Area, depth, ana conteata of tnticd peat depoiU$ te WiMOMftn — CoatlniMd. 
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amXRAL TEATUSZI. 

The peat deposits of Michigan consist largely of "mnstegs" and 
grass-sedfre marshes in basins of glacial origin and are simitar in 
most respects to those of Minnesota and Wisconsin. Except in On- 
tonagon and Baraga counties and in the southern part of Houghton 
County, peat is well distributed throughout the northern peninsula. 
l>ut, as shown by Plate VIII, the most extensive deposits are in the 
eastern part of thiit peninsula. The largest swamps, some of which 
exceed 25 square miles in area, lie in a region about 90 miles long 
and 30 miles wide extending eastward from Munlsing toward Sault 
Ste. Marie. The peat in these swamps ranges from 2 to 20 feet in 
depth. Although there are many peat deposits in the southern 
peninsula of Michigan, few exceed 400 acres in area. The largest 
deposits occur in river valleys, and consequently contain a high 
)>ercentage of ash. However, large quantities of good peat are found 
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in nearly all the lakes in the northern part of the southern penin- 
sula. It is estimated that Michigan could yield 1,000,000,000 short 
tons of air-dried peat and that 80 per cent of this quantity is in the 
northern peninsula. Many peat deposits in Michigan have been de- 
scribed in detail by Charles A. Davis,*** and many of the data pre- 
sented herein are based upon his work. The deposits examined for 
this report are described below. The localities are indicated by their 
numbers on Plate VIII. 

DIOKIVBOH OOTTHTT. 

Locality 1. — ^A deposit in the NE. \ sec. 7 and the NW. \ sec. 8 of 
Norway Township, which is about 130 acres in area and 6 feet deep, 
is estimated to be capable of yielding approximately 130,000 short tons 
of air-dried peat. The living vegetation consists chiefly of sedges and 
grasses, thou^ scattered coniferous trees grow at the south end of the 
deposits. The peat is dark brown, well decomposed, and of relatively 
uniform texture and is underlain by sand. A typical sample (analy- 
sis 383, p. 35) was obtained by mixing peat taken from several test 
borings. As the ash content is 17.41 per cent and the nitrogen 1.89, 
the peat appears to be suitable for the production of only low-grade 
fuel and fertilizer. 

XATOV OOirVTY. 

Locality 2. — ^A deposit about 2^ miles east of Eaton Sapids, near 
the track of the Michigan Central Railroad, which is about 400 acres 
in area and 7 feet deep, would probably yield 560,000 short tons of 
air-dried peat. The peat is brown and fibrous, consists chiefly of 
the remains of grasses and sedges, contains many roots and pieces 
of wood, and is underlain by sand. The dominant living vegetation 
consists of grasses and sedges. The deposit has been well drained, 
and part of it is used for the growth of cabbage. Two typical sam- 
ples (see analyses 351 and 352, p. 35) were obtained by mixing peat 
taken from several test holes. A comparison of these analyses shows 
that the peat is comparatively uniform in quality. As the nitrogen 
content is high and the percentage of ash relatively low, the peat 
might be profitably used either as fuel or as an ingredient of 
fertilizer. 

HOVOETOV OOVirTT. 

Locality 5. — ^A large bog in the Sturgeon River Valley near Kling- 
ville, which is 16 miles long and 2 to 2^ miles wide and about 36 
square miles in area, contains a deposit of peat 5 feet deep, which is 
estimated to contain the equivalent of 23,000,000 short tons of air- 

» DavlSt C A.f Peat ; e«ays on its origin^ uses, and dlatrlbation in Michigan : Michigan 
GeoL Survey R^t. for 1906» ppw 93-395, 1906. 
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dried muck and peat. The deposit was sampled at points along a 
line extending from east to west through its center. Samples were 
also collected near the main drainage ditches along lines run at right 
angles to tlie other series of test borings. The upper 8 feet of peat 
is moss}*^ and fibrous and contains many roots and pieces of wood; 
the lower layers are brown, well decomposed, soft, and plastic. The 
living vegetation consists chiefly of sphagnum moss, although tama- 
rack, spnice, and swamp laurel are common. The deposit has been 
partly drained, and about 300 acres have been cleared. A repre- 
sentative sample (analysis 372, p. 35) was obtained by mixing muck 
and peat taken at intervals of 2 feet in depth in eight test holes. 
Analyses 373 and 375 (p. 35) or both the raw and macerated muck 
and peat show that they contain too much ash for fuel. The nitro- 
gen content is a little less than 2 per cent and is relatively uniform 
throughout the deposit. 

Locality 4- — In a small bog in the NE. J sec. 22 and the NW. J sec. 
23, Calumet Township, the living vegetation consists chiefly of tama- 
rack and small poplar trees, although it includes some tufts of 
sphagnum moss. The peat is brown and fibrous and contains much 
woody material. Four test borings were made, and a typical sam- 
ple (analysis 378, p. 35) was obtained by mixing peat taken from 
each. The general appearance of this bog is misleading. Its topo- 
graphic position and flora justify the assumption that it contains 
a large quantity of peat, but test borings show only a shallpw accu- 
mulation of fibrous plant remains. There are many peat bogs of 
this type in the vicinity of Calumet and Osceola. 

Locciity 5, — A small bog near the tracks of the Duluth, South 
Shore & Atlantic Railway, west of the Hecla mine, contains a de- 
posit which is 15 acres in area and 12 feet in average thickness. 
The upper layer of the peat has shrunk, producing an open fissure 
and exposing a cross section of the deposit. The peat consists chiefly 
of remains of grass, is brown, coarse, and fibrous, and is underlain 
by sand. A sample (analysis 379, p. 35) was obtained from the ex- 
posed section. As its nitrogen content is unusually high (2.53 per 
cent), the peat might be used as fertilizer, but though its ash con- 
tent is low fuel could not 1^ economically made from it, because 
the bog has l)een drained to the bottom and the peat is too dry and 
fibrous to be shaped into blocks. 

zsov ooirvTT. 

Locality 6, — A small bog near the cwiter of sec. 22, T. 43 N., R. 
32 W., contains a deposit about G acres in area and 4 feet deep. 
The living vegetation consists chiefly of sedges and sphagnum. The 
peat, which is composed of the remains of plants like those growing 
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in the bog, is brown, fibrous, and woody. Analysis 380 (p. 35) shows 
the quality of the peat in this bog. Similar bogs occupy small de- 
pressions, known as kettle holes, in this vicinity. 

Locality 7. — ^A deposit in the NW. \ sec. 21 and the SW. \ sec. 16, 
Crystal Falls Township, is about 90' acres in area and 3 feet deep; 
The living vegetation consists chiefly of sedges and reeds, though 
some trees grow at the north end. The peat is dark brown and well 
decomposed but not plastic, and consists chiefly of the remains of 
sedges and reeds. Four test borings were made at intervals of 100 
yards at points along a line extending from north to south through 
the center. An average sample (analysis 381, p. 35) was obtained 
by mixing peat taken at several depths from each of the test holes. 

LocalUy 8. — A bog east of Ice Lake in the NE. J sec. 30, the western 
part of sec. 29, the SE. i sec. 19, and the SW. i sec. 20, Bates Town- 
ship (T. 43 N., E. 34 W.) is about 120 acres in area and 3 feet in 
average depth. The* deposit is composed chiefly of the dark-brown 
and fibrous remains of mosses, reeds, and sedges. The living vege- 
tation consists principally of sphagnum and heath shrubs. A typi- 
cal sample (analysis 382, p. 35) was obtained by mixing material 
taken from numerous test holes. The high content of inorganic 
mineral matter (41.55 per cent) shows that the deposit contains muck 
which is unfit for fuel. 

KALAMAZOO OOXrVTY. 

Locality 9. — ^A deposit near the Grand Kapids & Indiana Railway 
north of Vicksburg, which is about 400 acres in area and 5 feet in 
average depth, is capable of yielding 400,000 short tons of air-dried 
peat and muck. The surface layer consists of black muck, and the 
underlying peat ranges from brown to black, is rather fibrous, and is 
underlain by sand. It occupies a basin-shaped depression that would 
be difficult to drain. The living vegetation consists chiefly of sedges 
and grasses. A representative sample (analysis 347, p. 35) was ob- 
tained by mixing peat and muck taken from four test borings made 
at points along a line crossing the middle of the deposit The heating 
value of the moisture-free peat is 8,203 British thermal units, the 
ash content 12.71 per cent, and the nitrogen 3.58 per cent. The peat, 
therefore, seems well adapted for fuel or fertilizer. 

LocalUy 10. — A deposit on the Kleinstueck estate, in the southern 
part of the city of Kalamazoo, is about 30 acres in area and 6 feet in 
average thickness. The peat is brown and rather fibrous and is under- 
lain by sand. Several test borings were made near the center of the 
deposit, and a representative sample (see analysis 350, p. 35) which 
was obtained by mixing peat from each of the test holes, shows that 
the peat is of excellent quality for fuel or fertilizer. Analyses 348 and 
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341> (p. 35) show the quMlitj of dried and pressed pcmt from this 
deposit. A comparison of these analTses ^m>ws that the deposit con- 
tain.s peat of relatively aniform compositioii. 



Locality II. — A deposit sooth of the Grand Trunk Baflway tracls, 
a .short di.stanoe east of Imlay City, is abont 200 acres in area and 8 
feet in average depth. The living vegetation consists chiefly of grasses 
and ^dges and near the south end of scattered tamarack trees. The 
peat iij dark-brown, well-decomposed, and plastic, contains some 
wrxKly matter, and is underlain by sand. Three test holes were made 
at intervals of 100 yards across the sooth end. A representative speci- 
men (analysis 357, p. 35) was obtained by mixing peat taken tt 
intervals of 2 feet in depth, from each of these borings. The calorific 
value of the moisture- free peat is 9J86 British thermal units and the 
nitro^n content 2.24 per cent. The peat shoold therefore make good 
fuel and fertilizer. 

LVCX oouaTx. 

Locality 12, — A bog near the Duluth, South Shore & Atlantic 
Kailwav west of Xewberrv, about 150 acres in area, contains a de- 
posit of p^iat 4 feet in average depth. The peat consists dhiefly of the 
remains of sedges and moss, contains several thin layers of woody 
material, and is dark bro^Ti and well decomposed. The living vege- 
tation (-on.sists of spruce, tamarack, sedges, sphagnum, and numerous 
varieties of small shrubs. A typical sample (analysis 369, p. 35) 
was obtained by mixing peat taken at different depths from four 
test holes made across the center of the bog. 

Locality 13. — ^A large swamp north of Newberry, which is several 
hundred acres in area, contains peat only 2 feet in average depth. 
The living vegetation consists of spruce, tamarack, and a dense 
growth of shrubs. The peat, which was produced chiefly by the decay 
of sedges and grasses, is dark brown to black, is well decomposed, 
and is underlain by sand. Analysis 370 (p. 35) shows that the peat 
is of rather poor quality. 

JCABQUETTE OOUVTT. 

Locality H. — A bog in the northern part of the city of Marquette, 
near the shore of L#ake Superior, about 300 acres in area, contains 
a (lei)osit of peat 2 feet in average thickness. The living vegetation 
consists chiefly of grass, moss, and scattered coniferous and poplar 
trees. The peat is black and ranges in texture from fibrous to plastic. 
Analysis 371 (p. 35) shows that it is fair in quality, but the deposit 
is^probably too shallow to be of economic value. 
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XZOOBTA OOUHTY. 

Locality 16. — ^A large swamp north and east of the village of 
Mecosta contains a deposit of peat about 3,500 acres in area and from 
4 to 16 feet in thickness. This deposit is capable of yielding approxi- 
mately 4,900,000 short tons of air-dried peat and muck. The peat 
and muck are dark brown, fibrous, and woody and are underlain by 
sand and marl. The living vegetation consists chiefly of poplar, 
spruce, and tamarack trees. As there is a dense undergrowth of 
small shrubs, the swamp is difficult to penetrate. The surface is 
thickly covered with old logs, stumps, slashings, chips, and other 
debris of logging operations. A series of test borings was made at 
intervals of 100 yards along an east- west line across the center of the 
swamp. Representative samples (analyses 365, 366, 367, 368, p. 35) 
were obtained from these test borings by mixing material taken at 
different depths. A comparison of the analyses shows that the de- 
posit contains too much ash for good fuel. The nitrogen content, 
which ranges from 1.42 per cent to 1.97 per cent, is also low. The 
high sulphur content (3.48 per cent in analysis 366) is noteworthy. 

XXrBXEGOV OOUHTT. 

LocaUty 16. — ^A muck marsh along Muskegon River, in the north- 
eastern part of Muskegon Township, contains a deposit of peat 
3,000 acres in area and 5 feet in average thickness. The depth, how- 
ever, is variable, and small pockets were encountered in sampling 
the deposit in which the organic matter was much more tlian 5 feet 
deep. The living vegetation consists of a heavy growth of marsh 
grass and bulrushes. At the north end of the marsh beech and willow 
trees are numerous. The muck is brown and fibrous and contains 
a large percentage of inorganic material, owing to the large quan- 
tities of sand deposited by Muskegon Kiver during floods. The re- 
current floods which have covered this area are recorded in the 
deposit by alternate layers of sand and organic matter. Numerous 
test borings were made along both the north and south sides of the 
marsh and a representative sample (analysis 364, p. 35) was ob- 
tained by mixing material taken from the test holes. According to 
the analysis, the sample contains 58.32 per cent of ash and 1.57 per 
cent of nitrogen, and is therefore to be classed as muck rather than 
peat. Louis P. Haight, of Muskegon, is reclaiming this marsh for 
agricultural use. 

OAZLAVI) OOTOTY. 

Locality 17. — A deposit near the center of sec. 32, in the soutli- 
em part of Pontiac, occupies an area of about 40 acres and is 2^ 
feet in average depth. The living vegetation consists of sedges and 
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reeds. The peat is dark brown, well decomposed, and plastic, con- 
sists principally of the remains of sedges, and is underlain by maiL 
Several borings were made throughout the area, and a representative 
sample (analysis 356, p. 35) was obtained by mixing the peat from 
the test holes. The peat contains an unusually large proportion of 
nitrogen (3.22 per cent) but is not thick enough to be workable cam- 

mercially. 

8T. oLAxm oomrrr. 

Locality 18. — A large marsh on the Grand Trunk Railway 8 miles 
west of Capac contains a deposit about 8,000 acres in area and 7 feet 
in average depth. The peat is brown and fibrous and is underlain 
by sand. The living vegetation consists chiefly of grasses, sedges, 
reeds, and the blueberry. Representative specimens (analyses 358, 
359, 360, p. 35) were obtained by mixing peat taken at numeroas 
places along the drainage ditch that extends longitudinally across the 
marsh. The peat is low in ash and high in calorific value, but it is 
too fibrous for the manufacture of machine-peat fuel. 

sHXAWAssn oomrrr. 

Locality 19. — ^A bog about 2 miles west of Bancroft, which is 300 
acres in area, contains a deposit 5 feet in average thickness. The liv- 
ing vegetation consists chiefly of sedges, grasses, reeds, bulrushes, and 
tamarack trees. The peat is dark brown to black, well decomposed, 
and plastic, and is underlain by impure marl and sand. Numerous 
test boring were made through the center, and composite samples 
(analyses 361, 362, 363, p. 35) were obtained by mixing peat from 
each of the test holes. The peat appears to be of good quality for 
fuel or for fertilizer. 

WABHTEVAW OOTOTT. 

Locality 20. — ^A bog in the southern part of Gielsea, about 100 
^cres in area, contains a deposit of peat 3 feet in average depth. The 
living vegetation consists chiefly of grasses, mosses, and the blue- 
berry. The peat is brown, fibrous, and flaky and is underlain by 
impure marl and sand. Test borings were made at intervals of 60 
yards across the center of the bog, and typical samples (analyses 353, 
354, 355, p. 35) were obtained by mixing peat taken from each hole. 
A comparison of the analyses shows the peat is uniform in com- 
position and appears to be of the proper quality for fuel or fertilizer, 
but it is probably too shallow for commercial use. 

IOWA. 

The principal peat deposits in Iowa occur in the Altamont mo- 
rainal belt of the Wisconsin glacial drift and are largely confined 



to the north-central part of the State. Cerro Gordo, Clay, Dickin- 
son, Emmet, Franklin, Hamilton. Hancock, Kossuth, Palo Alto, 




Webster, Winnebago, Worth, and Wripht are the counties hi which 
peat deposits are most extensive. (See tig. 2.) Most of tlie pent 
was formed in open grase-sedgc marshes and in shallow lakes and 
ponds. Sphagnum and other mosses were not larf^e contributors to 
peat in Iowa, The deposits range from 1 to 150 aires in area and 
BlOeS"— 22 :€ 



104 



PEAT IK THE UNITED STATES. 



from 1 to 20 feet in depth. Savage ** estimates that Iowa peat bogs 
would yield 22,000,0(X) short tons of air-dried peat. The deposits 
that exceed 40 acres in area are described in reports " issued by the 
Iowa Geological Siirvey. (See p. 29 for analyses.) 



ILLINOIS. 



GSVZ&AL TKATUXEB. 



The peat deposits of Illinois originated in hollows in the glacial 
drift and in lowlands near lakes and rivers. Grassy meadows and 
grass-sedge and cat-tail marshes are the most common types. 
There are no wooded swamps in Illinois comparable with those of 
Minnesota, Wisconsin, and Michigan. Most of the deposits are 
small, but several that exceed 1,000 acres in area are found in White- 
side County and in a few other parts of the State. The thickness 
of the peat ranges from 2 inches to 20 feet, but the average depth 
of most of the deposits is less than 6 feet. Du Page, Kane, Kan- 
kakee, Lake, Lee, McHenry, Mason, Rock Island, Tazewell, White- 
side, and Winnebago counties contain practically all the workable 
peat in Illinois. Although the largest area of peat, known as Cat- 
tail Slough, is in Whiteside County, in Cattail Valley, southeast 
of Fulton, more peat occurs in Lake than in any other county. 
Plate IX shows the distribution of peat and muck in Lake County 
and figure 3 (p. Ill) shows Cattail Valley in Whiteside County. 
One of the largest deposits in the State is situated near Manito^ 
Mason County. According to the most reliable data available Illi- 
nois peat bogs would yield about 10,000,000 short tons of air-dried 
peat, the distribution of which in the counties that contain the 
largest quantities is shown in the following table: *® 

Distribution of peat and muck in six counties of lUinois, 





County. 


Aim. 




Square 
mllei. 


Acrei. 


Du Pa£e 


6.64 
14.53 

2.73 
38.10 

2.10 

2.23 


A,V» 


TCftno ... 


9^» 


KnnkAkiM^ T.-r r - 


\,1€ 


Lake 


24.381 


Tazewell 


J 


L344 


WiTinelM^gn ,. 


1427 










66.23 


42,387 



The following localities were tested for peat in the course of field 
work for this report : 

** Sava^, T. E., A prellmluaiy report on the peat resources of Iowa : Iowa Geol. Surrey 
Bull. 2. p. 8, 1905. 

^ Beyor, S. W., Peat depositB In Iowa : Iowa Geol. Survey Ann. Rept, vol. 19, pp. 6S1^ 
730, 1908. Savage, T. E., op. dt 

» Hopkins, C. O., Moslcr, J. G., Van Alstine, E., and Garrett,. P. W., Illinois Univ. Agr. 
Exper. Sta. SoU Bepta. Nos. 9, 12, 13, 14, 16, 17, etc, 1915-1917. 
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KAins oomiTT. 

Locality J. — A marsh about 2 miles south of Aurora which occupies 
part of sees. 26 and 27, T. 38 N., B. 8 E., is about 120 acres in area 
and contains a dejDOsit of peat 3 feet in average depth. Much of 
the peat has been destroyed and the i^emainder is very irregular in 
thickness and is gritty and impure because of the sand and clay 
that it contains. The living vegetation is sedges, grasses, and 
stunted willows, and the peat consists chiefly of the remains of 
these plants. Several test holes were made, but as no petit of 
economic value was found samples were not taken for analysis. 
The peat in this locality is owned by H. H. Evans, of Aurora, HI. 

KAHKAXEE OOUVTT. 

Locality 2. — A deposit of peat in the SW. i sec. 35, T. 32 N., R. 
11 W., is about 80 acres in area and 4 feet in average depth. The 
peat occurs in pockets separated by areas of dry land, a condition 
typical of the surrounding region. It is composed chiefly of the 
remains of sedges and grasses and, except the surface layer, is 
black, plastic, and well decomposed. Grasses and sedges are the 
dominant living vegetation. Test holes were sunk at intervals of 
100 yards along an east- west line crossing the center of the deposit. 
Samples were taken at depths of 2 feet and mixed in order to obtain 
the representative specimen whose composition is shown in analysis 
317 (p. 27). The peat at the bottom of the deposit is black and is 
underlain by sand and clay. The high nitrogen content (3.03 per 
cent) is noteworthy, and the peat appears to be valuable as a nitrog- 
enous ingredient of commercial fertilizers. The ash content is so 
high that the deposit can not be recommended as a source of fuel. 

LAKE OOTOTY. 

Locality 3. — A deposit northwest of Duck I^ake, in sees. 14 and 15, 
T. 45 N., R. 9 E., is about 90 acres in area and 6 feet in average 
thickness. It would yield approximately 108,000 short tons of air- 
dried peat. The Chicago, Milwaukee & St. Paul Railway is parallel 
to the northern edge of the deposit. The peat is black, plastic, and 
well decomposed. It is comparatively free from sand and silt and is 
underlain by marl. Sedges and grasses contributed the vegetable 
debris from which the peat was formed and also constitute the pre- 
dominant living vegetation. The following results were obtained 
from test borings : 

Thickness of peat in test borings northwest of Duck Lake, Lake County, III, 

Feet 
Hole A, 50 yards from west edjre: Black plastic well-decom- 
posed peat 5 

Hole B, 100 yards east of hole A: Black plastic well-decom- 
poMd peat 7 
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Samples were taken at intervals of 2 feet in depth and mixed to 
obtain a representative specimen (analysis 300, p. 27). The nitro- 
gen content (3.84 per cent) is unusually high, and the ash content 
(15.14 per cent) relatively low. This deposit is well situated with 
respect to transportation facilities and market, possesses good quali- 
ties for fertilizer, and therefore offers an excellent opportunity for 
commercial development. 

Locality 4- — A deposit south of Fox Lake, in the NW. J sec. 11, 
T. 45 N., R. 9 E., is about 80 acres in area, 10 feet in average thick- 
ness, and would yield 160,000 short tons of air-dried muck. The 
muck is black, plastic, and well decomposed and consists chiefly of 
the remains of sedges and grasses. These plants also constitute the 
dominant living vegetation. The following test borings were made: 

Thicknena of murk in test borings south of Fox Lake, Lake County, Ht 



Hole A, 20 yards east of west edge: Black plastic w^l- 
decomposed muck S 

Hole B, 100 yards oast of hole A: Black plastic weU-decom- 
posed muck 12 

A composite specimen (analysis 301, p. 27) was obtained by mix- 
ing samples of muck taken at intervals of 2 feet in depth in eadi 
hole. The ash content (47.40 per cent) is high, and the muck is 
therefore valueless for fuel, but the nitrogen content, which is 2.18 
per cent, indicates that the material might be valuable for use as a 
nitrogenous ingredient of commercial fertilizers. 

Locality 5. — A deposit near the railroad station at Antioch, be- 
tween Silver Lake and the tracks of the Minneapolis, St. Paul i 
Sault Ste. Marie Railway, which occupies parts of sees. 8, 9, 16, and 
17, T. 46 N., E. 10 E., is several hundred acres in area, but only about 
60 acres contain peat more than 3 feet thick. The 60-acre tract con- 
tains peat 5 feet in average thickness and would yield approximately 
60,000 short tons of air-dried peat consisting of black nonfibrous 
plastic remains of sedges, grasses, swamp ^fems, and reeds. The liv- 
ing vegetation is composed of sedges, grasses, reeds, cat-tails, and 
swamp ferns. The following test borings were made: 

Thickncfts of peat in test borings near Antioch, Ijike County, 111. 

Vwt 
Hole A, GO yards from east edge, ncur railroad station : Black 

plastic weU-decomposed peat, underlain by sand 5 

Hole B, 150 yards west of hole A: Black plastic well-decom- 

poseil peat, underlnin by sjind 5 

A typical sample (analysis 302, p. 27) was obtained by mixing 
peat taken at intervals of 2 feet in depth from both test holes. The 
ash content is 21.74 per cent, the calorific value 7,756 British ther- 
mal units, and the nitrogen content 2.85 per cent. The deposit can 
not be recommended as a source of fuel, but if it were property 
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drained the peat might be profitably used for the cultivation of acid- 
tolerant crops or for an ingredient of commercial fertilizer. 

Locality 6. — A marsh about 2^ miles west of Antioch, in sees. 12 
and 18, T. 46 N., R. & E., contains a deposit approximately 100 acres 
in area and 6 feet in average thickness, which would yield approxi- 
mately 120,000 short tons of air-dried peat. The living vegetatioja 
consists chiefly of sedges, marsh grass, reeds, and rushes, though 
pond lilies are numerous along some of the channels. The peat is 
brown, fibrous, coarse, and spongy, and is composed principally of 
coarse sedge and grass roots and reeds. Samples were taken along 
the banks of a large drainage ditch that crosses the marsh, and a 
representative specimen (see analysis 303, p. 27) was obtained by 
mixing the material from the different test holes. The ash content 
is very low (9,12 per cent) , but the peat is too fibrous and spongy 
for fuel. The nitrogen content (2.52 per cent) suggestss that the 
peat might be valuable for agricultural use. Large quantities of 
moss suitable for stable litter or packing material could readily be 
obtained at this locality. 

Locality 7. — ^A large marsh north of Grass Lake, about Z\ miles 
west of Antioch, in sees. 14 and 15, T. 46 N., R. 9 E., contains a de- 
posit 400 acres in area and 5^ feet in average thickness, which would 
yield approximately 440,000 short tons of air-dried muck. On June 
20, 1918, this marsh was flooded by water from Grass I>ake and Fox 
River and was therefore difficult bf access. The surface is over- 
grown by giant sedges and associated reeds and rushes. The muck 
is black, soft, and plastic, and is underlain by marl. The following 
test borings were made at points along an east- west line through the 
center : 

Th4ckne%9 of muck in test borings in marsh north of Grass Lake, Lake 

County, III, 

Fbet 
Hole A, 100 yards west of east edge; black wen-decomposeil 

plastic muck, underlain by marl 5 

Hole B, 100 yards west of hole A ; black well-decomposed soft, 

plastic muck, underlain by marl 5i 

Hole C, 200 yards west of hole B ; black well-decomposed soft. 

plastic muck, underlain by marl 5i 

Hole D, 100 yards west of hole C ; black well -decomposed soft, 
plastic muck, underlain by marl 5} 

A composite sample (analysis 304, p. 27) was obtained by mixing 
peat taken at intervals of 2 feet in depth from each of the four test 
holes. The ash content (41.^ per cent) indicates that the material 
in this deposit is unfit for fuel, but the nitrogen content (2.45 per 
cent) ^is relatively high and suggests that the deposit may be valu- 
able for agricultural use. The sedge growth is suitable for the pro- 
duction of packing material. 
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Locality 8, — A deposit about 1 mile west of Antioch, in sees. 7 aod 
18, T. 46 N., E. 10 E., which is 120 acres in area and 8 feet in aver- 
age thickness, would yield about 192,000 short tons of air-dried peit 
The peat is black and consists chiefly of the remains of sedges, 
grasses, swamp ferns, and moss. The living vegetation is composed 
of sedges and swamp ferns. The following test borings were made 
at' intervals of 100 yards along a line extending from the northeast 
to the southwest corner of the deposit, as well as at a point 100 yards 
northwest of the center: 

TMckne9i of peat in test boringM in deposit 1 mile noest of Antioeh^ lU. 

Feet 

Hole A, 100 yards southwest of northeast corner; black, com- 
pact, well-decomposed peat, underlain by marl 5 

Hole B, 100 yards southwest of hole A ; black well-decomposed 
peat, underlain by marl 7 

Hole C, 100 yards southwest of hole B ; black well-decomposed 
peat, underlain by marl 10 

Hole D, 100 yards southwest of hole O ; black well-decomposed 
peat, underlain by marl 9 

Hole E, 100 yards northwest of center of deposit ; black well- 
decomposed peat, underlain by marl 9 

A composite sample (analysis 305, p. 27) was obtained by mixing 
peat obtained at intervals of 2 feet in depth from each of the test 
holes. The ash content is 20.61 per cent and the nitrogen 3.18 per 
cent. The deposit can not be recommended as a source of fuel, but 
on account of the large percentage of nitrogen it should be valuable 
for agricultural use. 

Locality 9. — A small deposit on the Lynnhurst farm, about 2| miles 
east of Lake Villa, in the center of sec. 35, T. 45 N., R. 10 E., is 30 
acres in area, 12 feet in average thickness, and would yield approxi- 
mately 72,000 short tons of air-dried peat. The living vegetation 
consists chiefly of sedges, swamp ferns, and moss, .and the peat is 
brown, fibrous, and spongy. A test boring made near the center of 
the deposit gave the following results : 

Log of teat toring near center of deposit on Lynnhurst farm. Lake ViUa^ HI 

F>eet 

Brown fibrous spongy nmt, composed of roots of living plants 1 

Brown fibrous peat, little deconiposod 2 

Brown, partly disintegrated peat, firm but fibrous 4 

Brow^n soft, plastic jjeat, underlain by sand 5 

Analysis 306 (p. 27) shows that the peat contains only 10.6 per 
cent of ash and that the nitrogen content is 2.88 per cent. The de- 
posit could therefore be used for the production of fuel or fertilizer, 
especially the lower layers. 

Locality 10. — A deposit of the meadow type, about 1 mile soitlh of 
Hainesville, on the (^hicago, Milwaukee & St. Paul Kailway, in sees. 
33 and 34, T. 45 N., R. 10 E., is about 400 acres in area. The vege- 
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!;ation consists chiefly of grasses, although bulrushes grow in some of 
ie lower and wetter spots. No peat of economic value was found 
md hence no samples were taken for analysis. This area could per- 
laps be used for the cultivation of crops. 

LSE OOUHTY. 

Locality 11. — Several small meadows, about 4 miles southeast of 
Ajnboy, each of which is between 20 and 30 acres in area, contain 
muck, but no peat of economic value was found in this locality. 

Locality 12, — Several large meadows or marshes along the Green 
Eliver valley contain a little peat, but most of the material consists 
^f shallow muck. No samples were taken for analysis. 

XABOV AVD TAZEWELL 00T7VTZEB. 

Localities 13 amd H, — A large deposit occupies parts of sees. 16, 
16, 21, and 22, T. 23 N., R. 6 W., near Manito. The material in the 
western and eastern parts of this deposit is different in thickness and 
quality. 

The eastern part of the deposit is 120 acres in area and 5 feet in aver- 
age thickness and would yield approximately 120,000 short tons of air- 
dried peat. The living vegetation is composed of grasses and the 
milkweed, and the peat, which is largely black and plastic, consists 
of the remains of these plants. The lower layers are so thoroughly 
decomposed that the plant remains are difficult to identify. Five 
test borings made along north-south and east-west lines through 
the center of the deposit gave the following results : 

Thickness of peat in test borings in central part of deposit near Manito, III. 

Feet. 
Hole A, 100 yards east of west edge: Brown, fibrous peat iu 
upper layers to black plastic peat at bottom, underlain by 
sand r 9 

Hole B, 100 yards east of hole A : Same kind of peat as that in 

hole A, underlain by sand 5 

Hole 0, 100 yards east of hole B : Material of same character as 

that obtained in hole B 5 

Hole D, 100 yards south of north edge: Same kind of peat 

as that in hole C, underlain by sand 3 

Hole E, 100 yards south of hole D : Material of same character 

as that in hole D 3 

According to analysis 313 (p. 27), the ash content of the peat is 
26.57 per cent and the nitrogen 2.24 per cent. Although this part of 
the deposit can not be recommended as a source of fuel^ the peat is 
especially suitable for direct use as a fertilizer or for a nitrogenous 
ingredient of commercial fertilizers. 

The western part of this deposit is about 240 acres in area and 3 
feet in average depth and contains the equivalent of about 144,000 
short tons of air-dried muck. The living vegetation is similar to 
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that in the eastern part, and the muck is black and plastic and is 
underlain by clay and sand. Three test borings gave the following 

residts: 

ThicknvHH of pent in tent hnrUifjs Ui we9iem part of deposit near Manito, lU. 



Ilole A, 400 yardH east of plant of Weldmer Cbemlcal Co.: 
Hlnck plastic well-decomposed muck, underlain by sand 2 

Hr>]e n, 100 ynnls south of hole A : Black plastic well-decom- 
pos<»<l nnu'k, underlain l)y clay 3 

Hole r, 100 yards south of hole B : Black plastic well-decom- 
posc<l muck, underlain by sand 3 

According to analyses 314, 815, and 316 (p. 27), the muck seems 
to Iw well adapted for use as a nitrogenous fertilizer. 

WHITESIDE OOVVTT. 

Locality 16, — Cattail Slough, near SoUers, in Cattail Valley, in 
sees. G, 7, 8, 17, 18, 19, 20, 28, 29, 32, and 33, T. 21 N., R. 4 E., con- 
tains a deposit several si]uare miles in area, but the part here con- 
sidered embraces only 1,280 acres near the south end of Cattail 
Valley, in sec-s. 28, 29, 32, and 33. (See fig. 3.) The average tliict 
ness of the \mi\t in this part of the deposit, which would yield ap- 
proximately 3,840,()(K) short tons of air-dried material, is about 15 
feet. The living vegetation consists of marsh grasses, sedges, bul- 
rushes, reeds, and C4it-tails. The upper layers of peat are brown and 
fibrous, but the underlying strata are well decomposed and plastic. 

Test-borings uuide along two intersecting lines extending southwest 
and southeast through the center of the area gave the following re- 
sults : 

ft 

Thicknvas of peat in test horinffn in Cattail Slough, WhUeMe Coumiy, lU. 

IToIo A, nbont 150 yards northeast of rond alon^ western edge 
of (l<']M»sit : llrown fibrous to black plastic decomposed peat, 
und('rlnin by siuid 18 

Hole H, 4r»(> yanls iiorthonst of bole A: Brown fibrous to black 
docomiK)SfHl peat, underlain by sand 15 

Hnlo i\ 4W yards northeast of hole B : Brown fibrous peat, un- 
derlain by luarl containiug suaU shells 16 

ITolo 1>, 4riO ynnls northeast of hole C: Brown fibrous to black 
tKromiuwed iK'at, underlain by mar! containing snail shells.. 15 

Hole K, 4r»0 yanls southeast of hole C, along a line at right 
angles to holes A, B. C, and D: Brown flbroos peat, rather 
wiMHly near bottom, underlain by sand 16 

Hole F, 4ri0 yanls northwest of li«)le C : Brown fibrous to black, 
partly disintegrated peat, underlain by marl and sand 16 
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F>et 

Hole Q, 450 janla northwest of hole F : Br(nvn tlbrous to btnck, 
pertly disintegrated peat, underlain hy sand 15 

Hole H, 490 j-nrda nortliwent of hole ti i Itrown Dijrous In black, 
partly disiDtegrated p<'at, underlain by siiiid IS 

Hole I, 450 yards northwest of bote II : ItiMnti flbmus In bluek, 
■well-decomposed peat, nnileTlnIn by sand and marl 14 

Hole J, 490 yards northwest of hole I : Brown Rbrous to black, 

well-decomposed peat, underlain by marl and wand 13 

The quality of the peat from holes A, B, C, and D is shown by 
analysis 307; from holes E, F, G, and H by annlysis 308, and from 
holes I and J by analysis 809. (See p. 27.) A comparison of these 
analyses shows that the peat cootains 
relatively little ash, is high in calorific 
value, and therefore might be advan- 
tageously used for fuel. The high aver- 
age nitrogen content of the peat (3.0C 
per cent) also indicates that it is suit- 
able for fertilizer. This is one of the 
nu^ valuable peat deposits in Illinois. 
Much of the area has already been 
drained and is used for farming. The 
Clinton branch of the Chicago, Bur- 
lington & Quincy Railroad crosses the 
deposit, and when trains are passing the 
mirf ace quakes violently. 

Locality 16. — A deposit in the upper 
Cattail Valley, including parts of sees, 
6, 7, 8, 17, and 18, T. 21 N., B. 4 E., 
comprises about 1,300 acres of peat 12 
feet in average depth and would yield 
approximately 3,120,000 short tons of 
air-dried peat. The living vegetation 
consists chiefly of cat-tails, bulrushes, 
sedges, grasses, and reeds. The peat 
is brown and fibrous near the surface, 
but the underlying strata are well 

decomposed. Analysis 310 (p. 27) represents the composition of 
peat taken at several points along the sides of a large drainage 
ditch that crosses the deposit. It shows tlie peat to !« similar in 
composition and quality to that which occurs in the southern part 
of Cattail Slough. Tlie ash content is IC.fti i>er cent, the calorific 
value ia 8,464 British thermal units, and the nitrogen content is 2.52 
per cent. Analyses 311 and 312 (p. 37) show the composition of tbe 
muck in this locality. 
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The i>eat deposits of Indiana are confined to the glaciated region in 
the northern part of the State. The greater part of the peat occupies 
the l>aslns of ancient glacial lakes, but a few deposits were fonned in 
depressions between sand dunes and in marshes along meandering 
streams. The following counties contain most of the peat in In- 
diana: Allen, Dekalb, Elkhart, Fulton, Jasper, Kosciusko, La- 
grange, Lake, Laporte, Marshall, Xewton, Noble, Porter, Pulaski, St 
Joseph, Starke, Steuben, Wabasli^ and Whitley. Areas of peat in 
these counties are shown on maps accompanying a report ^ published 
by the Indiana Department of (jeology and Natural Kesources. Bogs 
and marshes containing sphagnum and grass-sedge peat are the pre- 
dominant tyi)es. The deposits range from 5 to 2«500 acres in area 
and from 1 to 25 feet in thickness, but most of them are less than 100 
acres in area and less than 6 feet in depth. The upper layers are 
generally brown and fibrous and the lower black, well-decomposed, 
and plastic. A large quantity of the peat is underlain by marl of 
good quality. 

The peat deposits of Indiana are estimated to be capable of yield- 
ing 51,()(M),0(K) short tons of uir-dricd peat This estimate, which is 
based upon Taylor's report,'® supplemented by data collected by E. G. 
Butler, includes only peat and muck deposits that are 20 acres or 
more in area and not less than 2^ feet deep, except that if small de- 
posits occur in the same general locality they have been considered 
as a unit. The large, shallow deposits are included because they offer 
great agricultural possibilities. Probably not more than one- fourth 
of the peat in this estimate, or about 13,000,000 tons, is suitable for 
commercial use other than as crop soil. The deep impure peat can 
not l>e used for fuel, but much of it is high in nitrogen and may be 
valuable for fertilizer. 

Quantity of peat and muck in Indiana, by counties, estimated as air-dried 

material (short tons). 

Allen 500.000 

Doknlb 1. 612 ,000 

Elkhnrt 3. 500, 000 

Fulton 1. 500, 000 

Jasper 2, 260, 000 

Kosciusko 6, 000, 000 

Lagrango 2.000,000 

Lake 3. 350, 000 

Laporto 1,(MJO,000 



•Tnylor A. E., Th^ pont deposits of northern Indiana: Indiana Dept Geology and 
Nat. Ren., Thirty-first Ann. R<'pt., pp. 73-l!8r>, 190C. 
"Taylor, A. E., op. clt 
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MarshaU 8, 595, 000 

Miami 50,000 

Newton 240,000 

Noble 8, 200. 000 

Porter 1 . 130. 000 

Pulaski 1, 652. 000 

St Joseph 8, 388, 000 

Starke ^ 4, 333, 000 

Steuben 4, 000, 000 

Wabash 200,000 

Whitiey 1, 780, 000 

61, 000, 000 

Many peat deposits in Indiana have been described in detail by 
Taylor in the Thirty-first Annual Report of the Indiana Depart- 
ment of Geology and Natural Resources. The following additional 
deposits were examined by the United States Geological Survey : 

ALLEJr OOVVTT. 

Locality 1. — ^A deposit in the SW. \ sec. 25 and the SE. \ sec. 24, 
Aboite Township, about 8 miles west of Fort Wayne, which is 
owned by the Virginia-Carolina Chemical Co., of Richmond, Va., 
is about 100 acres in area. The peat is brown and fibrous and is 
composed chiefly of the remains of grasses and sedges. The deposit 
is 4 feet in average depth and should yield approximately 80,000 
tons of air-dried peat. The dominant living vegetation consists of 
cat-tails, giant sedges, and swamp willows. Samples were taken 
from eight test borings made at intervals of 100 yards along a 
north-south line through the center of the deposit. Two typical 
samples (analyses 339 and 340, p. 27) were obtained by mixing peat 
from the different test holes. A comparison of these analyses shows 
the peat to be imiform in composition. The average ash content 
is about 18.4 per cent and the average nitrogen content about 3.3 
per cent. Although the ash content is not high, the calorific value 
is rather low and the peat is too fibrous for good fuel. The Vir- 
ginia-Carolina Chemical Co. operated a fertilizer plant at this de- 
posit until its buildings were destroyed by fire in April, 1918. The 
machinery was saved, and the company reports that the plant will 
resume operations. Analysis 338 (p. 27) shows the quality of the 
dried peat from this deposit as used commercially for fertilizer. 

DEKALB OOXrVTT. 

Locality £. — ^A deposit in the NE. J sec. 9, Butler Township, is the 
site of the peat-moss plant of Baker & Co., which is no longer in 
operation. The deposit is 40 acres in area and 12 feet in average 
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thickness and should yield approximately 96,(X)0 short tons of air- 
dried peat. The living vegetation consists chiefly of grasses and 
the huckleberry. The peat is dark brown and rather friable near 
the surface; the underlying peat is plastic. Four test borings were 
made along a line from east to west across the deposit and a repre- 
sentative sample (analysis 343, p. 27) was obtained by mixing peat 
taken from each of these test holes. The ash content is 5.34 per cent, 
and the calorific value 8,757 British thermal units. The peat there- 
fore appears to be suitable for fuel. 

Locality 3, — A deposit in the NW. J sec. 33 and the NE. \ sec. 32, 
Eichland Township, which is about 30 acres in area and 17 feet in 
average depth, should yield approximately 102,000 short tons of air- 
dried peat. The peat ranges in color from light to dark brown and 
in. texture from fibrous to plastic. It is composed chiefly of tlie 
remains of grasses and sedges, and plants of this kind are still the 
predominant living vegetation of the area. Peat is still in process of 
formation on this deposit. Analysis 341 (p. 27) shows the quality of 
the peat of this deposit. The ash content is 12.08 per cent, the nitro- 
gen content 3 per cent, and the calorific value 8,412 British thermal 
units. The deposit, though rather small in area, seems to contain 
peat suitable for either fuel or fertilizer. 

ELKXABT OOtrVTT. 

Locality 4.— A deposit in the SE. \ sec. 10, T. 36 N., R. 6 E., is 
about 30 acres in area and 4 feet in average depth. It is estimated to 
contain the equivalent of 24,000 tons of air-dried peat. The peat is 
dark brown and well decomposed and consists chiefly of the remains 
of mosses, sedges, and grasses. Four test borings were made and a 
representative sample (analysis 332, p. 27) was obtained by mixing 
peat taken from each of these holes. The ash content (25.03 per cent) 
is too high for the peat to be used as fuel. However, the nitrogen 
content (2.84 per cent) is relatively high, and the deposit is there- 
fore valuable as a source of humus or nitrogen or as a crop soil. 

L.ocality 5. — A large deposit in the E. i sec. 27, the SE. J sec. 26, 
the center of sec. 35, and the SE. J sec. 36, T. 35 N., R. 5 E., con- 
tains an area of about 700 acres, and the average depth of the peat is 
about 18 feet. The deposit shotild therefore yield approximately 
2,500,000 short tons of air-dried peat. The peat, which is composed 
chiefly of the remains of moss and grass, is brown and fibrous and 
contains considerable woody material. Tlie deposit is distinctly 
stratified and is underlain by sand. The living vegetation consists 
largely of grasses. However, scattered groves of maple, willow, and 
poplar are found in places in the area. Four test borings were made 
at intervals of 400 yards along a northwest-southeast line through 
the center of the deposit, and a typical sample (analysis 333, p. 27) 
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was obtained by mixing peat taken at intervals of 2 feet in depth in 
each of these test holes. The peat appears to be of good quality 
for fuel or for a nitrogenous ingredient of commercial fertilizer. 

Locality 6. — ^A deposit in the N. i sec. 13 and in sec. 14, Osolo 
Township, and the NW. i sec. 18, Washington Township, is about 500 
acres in area. The peat is dark brown and fibrous and is composed 
chiefly of the remains of mosses, grasses, and sedges. Some woody 
matter was also found. Four test borings were made at intervals 
of 400 yards along an east- west line through the center of the deposit. 
About (350 acres contains peat 12 feet in average depth, and the peat 
in the remaining 150 acres is about 4 feet in average thickness. The 
deposit should yield approximately 960,000 short tons of air-dried 
peat. A representative specimen (see analysis 837, p. 27) was ob- 
tained by mixing peat taken at intervals of 2 feet in depth in each 
of the test holes. The ash content (10.99 per cent) is relatively 
low and the fuel value (8,566 British thermal units) comparatively 
high. The peat is chemically suitable for fuel, but it is probably too 
fibrous to be utilized for the manufacture of machine peat. A note- 
worthy feature of the analysis is the high nitrogen content (3.29 per 
cent). The peat seems to be well adapted for making fertilizer. 

WTTLTOV OOXrVTT. 

Locality 7. — A deposit in sec. 20, T. 30 N., K 5 E., about 2 miles 
east of Akron, occupies an area of about 300 acres. The peat occurs 
in pockets and hence is not uniform in depth. The average thick- 
ness is probably about 10 feet, so that the deposit should yield ap- 
proximately 600,000 short tons of air-dried peat. Tlie surface is 
well drained, although the general elevation of the deposit is not far 
al)ove the water level in several near-by lakes. The living vegeta- 
tion is composed chiefly of grasses and of aspen, poplar, and willow 
trees. Many fallen logs lie on the surface. The peat is brown and 
fibrous and contains much woody matter. Tlie surface layer is un- 
usually fibrous and might be advantageously utilized for packing 
material or stable litter. Analysis 328 (p. 27) shows the quality of 
the peat. The ash content is 10.99 per cent and the fuel value is 
8,888 British thermal units. Although the analysis indicates that the 
peat is suitable for fuel, it is so fibrous that there is doubt whether the 
deposit could be used in the manufacture of machine fuel. The high 
nitrogen content (2.98 per cent) indicates that the peat may be of 
agricultural value. 

Locality 8. — ^A bog in the SE. J sec. 21 and the NE. J sec. 28, 
T. 30 N., B. 5 E., about 3 miles east of Akron, is about 38 acres in area 
and 8 feet in average thickness and is estimated to be capable of yield- 
ing 600,000 short tons of air-dried peat. The peat, which is composed 
chiefly of the remains of mosses, grasses, and shrubs, is brown and 
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fibrous to plastic and contains some woody matter. The living vege- 
tation consists largely of the cranberry, tamarack trees, and swamp 
ferns. A composite sample (analjrsis 329, p. 27) was obtained by 
mixing peat from various test holes. The ash content is only 8.ffi 
per cent, and the nitrogen content is above the average. The peat 
therefore seems to be of good quality for fuel or fertilizer. 

JAKBEM ooxnmr. 

LoefcJity 9. — ^A large deposit occupies parts of sees. 7, 8, 12, 13, 14, 
16, 17, and 18, Tps. 30 and 81 N., R. 6 W. The area sampled insists 
of about 460 acres in sec. 18. The average thickness of the deposit 
in sec. 18 is about 10 feet and the quantity of air-dried peat available 
is about 900,000 short tons. The peat is largely dark brown and 
fibrous to plastic. Greenish i)ond peat underlain by clay and sand 
was found near the bottom. The peat is composed chiefly of the re- 
mains of sedges and of grasses. The dominant living vegetation in 
sec. 18 is grasses and sedges. A representative sample (analysis 821, 
p. 27) was obtained by mixing peat taken at intervals of 2 feet in 
depth from each of the test holes put down along an east-west line 
through the center of sec. 18. The peat contains 3.34 per cent nitrogen 
and 16.15 per cent of ash, and the calorific value is 8,477 British 
thermal units. Although the deposit is not easily accessible, it would 
supply a large quantity of peat suitable for agricultural uses or for 
fuel. 

XOSOITrSKO OOTTHTT. 

Locality 10. — A large bog occupies parts of sees. 12, 18, 14, 23, 24, 
25, and 26, Etna Township, and parts of sees. 18, 19, 80, and 31, 
Prairie Township. The area of the bog is about 2,500 acres, and tiie 
average thickness of the peat is 10 feet. The deposit, according to 
estimate, would yield 5,000,000 short tons of air-dried peat. The liv- 
ing vegetation consists chiefly of grasses, sedges, sphagnum, swamp 
ferns, and tamarack. Many fallen tamarack logs and stumps are 
found beneath the peat, as well as on the surface. The peat is brown 
and grades from fibrous material in the upper layers to plastic peat 
at the bottom. Test borings were made along an east-west line across 
the centers of sec. 13, Etna Township, and sec. 18, Prairie Township. 
Typical samples (analyses 330 and 331, p. 27) were obtained by mix- 
ing peat taken at intervals of 2 feet in depth from each of the 
test holes. The peat is uniform in quality. The nitrogen content is 
about 2.5 per cent and the ash content about 9 per cent. The average 
calorific value of the two samples is 8,497 British thermal units. 
This is one of the largest peat bogs in Indiana and contains a large 
quantity of peat suitable for either fuel or fertilizer. The deposit 
adjoins the tracks of the Pennsylvania Bailroad and is therefore 
readily accessible. 
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MiimBHATiT. oorarr. 

LoccHUy 11. — ^A bog that occupies an old lake basin in sees. 7, 8^ 
and 18, German Township, is about 300 acres in area, 10 feet in aver- 
age thickness, and, according to estimate, would yield 600,000 short 
tons of air-dried peat. The peat, which is composed chiefly of the re- 
mains of sphagnum moss and grasses, is light to dark brown, fibrous 
near the surface, and plastic at the bottom. The living vegetation 
consists chiefly of grasses, sedges, sphagnum, the hucklebeny, and 
poplar, and maple trees. A composite sample (analysis 325, p. 27) 
was obtained by mixing peat taken at intervals of 2 feet in depth 
from numerous test borings. The deposit could easily be drained 
and worked to a depth of 6 or 7 feet, and the peat appears to be of 
good quality for either fuel or fertilizer. 

Locality 12. — A small bog in the NE. J sec. 10, near Tyner, which 
is 20 acres in area and contains a deposit of peat 15. feet in average 
thickness, should yield approximately 60,000 short tons of air-dried 
peat. The peat is dark-brown and is composed largely of the remains 
of sphagnum moss. It is fibrous and mossy except in the lower 
layers. The living vegetation consists chiefly of the blackberry, 
grasses, and trees. The peat is underlain by clay, marl, and sand. A 
representative sample (analysis 326, p. 27) was obtained by miidng 
peat from several test holes put down along an east- west line through 
the center. The peat seems to be of good quality for fuel. Analysis 
327 (p. 27) shows the quality of a sample of air-dried hand-cut peat 
from this bog. The ash content of this sample is 8.17 per cent and the 
calorific value 9,299 British thermal units. Hand-cut peat from this 
bog has been used for fuel by C. F. Brown, the owner. 

VOBLB OOVHTT. 

Locality 13.— A. bog in the NE. J sec. 29, and the NW. i sec. 28, 
Wajnie Township, is about 100 acres in area and contains peat 3 feet 
in average thickness. The peat is brown and rather fibrous and is 
composed chiefly of the remains of mosses and sedges. The living 
vegetation consists of moss, willow, sumac, and tamarack. A typ- 
ical sample (analysis 342, p. 27) was obtained by mixing peat taken 
from several test holes. The peat appears to be of good quality for 
fuel or fertilizer. The deposit, however, is so shallow that it can not 
be recommended as a favorable site for a peat plant. 

PVLA8XI OOXTHTT. 

Locality 14. — ^A large deposit that occupies sees. 7, 8, and 9 and 
parts of 16 and 17, Rich Grove Township, is about 1,000 acres in area, 
and the peat is 4 feet in average depth. The deposit should yield 
approximately 800,000 short tons of air-dried peat. The peat, wliich 
is composed of the remains of grasses and sedges, is dark brown near 
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the top and yellow to green near the bottom and is underlain by green 
and blue clay. The living vegetation consists chiefly of grasses and 
sedges. The deposit has been drained, and much of it is nnder culti- 
vation« com being the principal crop g^wn. A typical sample 
(analysis 322, p. 27) was obtained by mixing peat taken from numer- 
ous test holes. The nitrogen content is 2.91 per cent. The area is 
probably of more value for cultivation than as a source of peat fuel 

■T. JOSKFH OOVSTT. 

Lfjcafftij J'}. — A deposit in the XE. \ sec. 12 and the E. \ sec 1, 
Warren Township, is 250 acres in area, and the peat, 'which occurs 
in pockets, is alK>ut 6 feet in average depth. It is estimated that 
this deposit should yield 240,000 short tons of air-dried peat. Tlie 
peat is brown to black and fibrous and is ccHnposed chiefly of sedges, 
grasso.'^, and moss. The living vegetation consists chiefly of marsh 
grass. A composite sample (analysis 324, p. 27) was obtained by 
mixing peat taken from several test holes. The peat is low in ash, 
the nitrogen content is 2.86 per cent, and the calorific value is 8,331 
British thermal units. An odor of hydrogen sulphide was noted 
while making the test borings. 

Locality loa. — A deposit in sees. 18, 19, and 20, T. 87 N., Olive 
Township, which is well drained, was formerly the northern part 
of the Kankakee Valley marsh. The deposit consists of muck, which 
is shallow and contains a large proportion of inorganic mineral 
matter. Most of the deposit is under cultivation and is used ex- 
tensively for growing mint. As the muck is of no value for fuel or 
as an ingredient of commercial fertilizer, no samples were taken 
for analysis. 

Locality loh. — A deposit of muck in sees. 15 and 16, Portage 
To\\Tiship, is similar in depth and quality to that in locality 15a. 
It is used for the cultivation of various crops and is more valuable 
as crop soil than as a source of fuel. No samples were taken for 
analysis. 

Locality 16. — ^A bog that occupies parts of sees. 28, 33, and 34, T. 
36 N., R. 2 E., and parts of sees. 2, 3, 11, 12, 13, and 14, T. 35 N., 
R. 2 E., is one of the largest peat deposits in Indiana. The plant of 
the St. Joseph Humus Co., of LakeviUe, is in the SE. J sec 34. The 
peat is brown and fibrous to plastic and consists largely of the re- 
mains of grasses, sedges, sphagnum, and tamarack. The living 
vegetation consists largely of the same plants. The average thick- 
ness is about ^ feet Analyses 334, 335, and 336 (p. 27) show 
the quality of the raw peat from this deposit. The peat contains 
a largo quantity of ash, but the nitrogen content ranges from 2.90 
to 2.02 per cent. Tlie equipment at the plant of tlie St Joseph 
Humus Co. consists of excavating, loading, and grinding machinery 
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eind one large rotary drier. The product of this plant is used as a 
litrogenoiis ingredient of commercial fertilizers. 

8TASKZ OOTTHTT. 

Locality 17. — A deposit in the SE. \ sec. 21, the SW. J sec. 22, the W. 
\ sec. 27, sec. 28, the NE. J sec. 33, and the NW. J sec. 34, Wayne Town- 
ship, is about 300 acres in area, and the peat is 8 feet in average thick- 
ness. The deposit should yield approximately 480,000 short tons of 
lir-dried peat. The living vegetation consists chiefly of sedges, 
orrasses, and the swamp willow. The peat, which is made up 
chiefly of the remains of sedges and grasses, is dark brown to light 
brown, fibrous near the top, soft and decomposed at the bottom, and 
is underlain by sand. Test borings were made at intervals of 450 
jrards along a northwest-southeast line across the deposit. Two com- 
posite samples (analyses 318 and 319, p. 27) were obtained by mixing 
peat taken at intervals of 2 feet in depth from each of the test holes. 
The nitrogen content is high, and the peat seems to be of good quality 
for fuel or for a nitrogenous ingredient of commercial fertilizers. 

Locality 75.— Deposits in sees. 31, 32, and 33, T. 32 N., R. 3 W., 
Wayne Township, are about 600 acres in area and 6 feet in average 
thickness and should yield approximately 720,000 short tons of air- 
dried peat. The living vegetation consists chiefly of sedges and 
grasses. Large quantities of marsh grass are produced from this de- 
posit and used for packing material. The peat, which is brown and 
fibrous, is composed chiefly of the remains of grasses and sedges. A 
typical sample (analysis 320) was obtained by mixing peat taken 
At intervals along a large drainage ditch that crosses the marsh. 
A^Ithough the ash content is only 12.1 per cent, the peat is fibrous 
md is therefore not well adapted for machine fuel. The high nitrogen 
content (3.26 per cent) indicates that the peat may be of value as 
II nitrogenous ingredient of commercial fertilizers. If properly 
drained a large part of the area might be utilized for the cultivation 
3f crops. 

Locality 19.— A. deposit in the SW. J sec. 10, T. 32 X., B, 3 W., 
Wayne Township, is about 70 acres in area and 7 feet in average 
thickness; it should yield approximately 98,000 short tons of air- 
dried peat. The peat, which is composed chiefly of the remains of 
moss, sedges, and grasses, is brown and fibrous near the top but soft 
and plastic at the bottom. The living vegetation includes a thick 
growth of grasses, sedges, and the cranberry. A typical sample 
(analysis 328, p. 27) was obtained by mixing peat taken at intervals 
of 2 feet in depth from several test holes put down along a north- 
south line through the center of the deposit. The peat is uniform 
in textare and is physically suitable for machine-peat fueL The ash 
content is 14.04 per cent. 

91065'— 22 9 
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8TSVBEV OOirVTT. 

Locality 20. — A lai^ bog that occupies parts of sees. 15, 16, SI, 
22, and 28, Steuben Township, contains a deposit about 600 acres 
in area and 14 feet in average thickness, which should yield approxi- 
mately 1,680,000 short tons of air-dried peat. The living vegetation 
consists chiefly of sedges, grasses, moss, and small tamarack trees. 
The peat is light brown and fibrous near the surface, but the under- 
lying layers are dark brown, soft, plastic, and well disintegrated and 
are composed chiefly of the remains of sedges, grasses, and moss. 
Test borings were made at intervals of 100 yards along a north-south 
line extending through the center of the deposit. Analysis 344 
(p. 27) shows the peat to be of excellent quality for fuel or fertilizer. 
The ash content is 12.44 per cent, the percentage of nitrogen 3.66. 
and the calorific value 8,782 British thermal units. There are many 
other peat deposits in this locality, but this one is among the best ' 
in Steuben County and would be a good site for a peat plant. 

Locality 21. — ^A bog that surroimds Little Center Lake, near tbe 
town of Angola, Pleasant Township, contains a deposit about 40 
acres in area and 4 feet in average thickness. The peat is underlain 
by clay and sand. The living vegetation consists chiefly of grasses, 
sedges, moss, and tamarack. The peat is brown and fibrous and con- 
tains many roots of trees and shrubs. A typical sample (analysis 
345, p. 27) was obtained by mixing peat taken from several test holes 
put down at different places throughout the deposit. The peat ap- 
pears to be of good quality for fuel or fertilizer, but the deposit is 
probably too small for the production of peat on a commercial scale. 

Locality 22. — A bog that surrounds Big Center Lake, occupying 
parts of sees. 21 and 22, Pleasant Township, contains a deposit about 
150 acres in area and 10 feet in average thickness, which should 
yield approximately 300,000 short tons of air-dried peat. The peat, 
which is made up chiefly of the remains of sphagnum moss, is brown 
and fibrous near the top of the deposit but soft and well decomposed 
at the bottom. The living vegetation consists chiefly of sphagnum 
and tamarack. Analysis 346 (p. 27) sliows the peat to be apparently 
of good quality for fuel or fertilizer. The calorific value is 8,9^ 
British thermal units and the nitrogen content is 3.76 per cent. 

OHIO. 

The principal peat deposits in Ohio occur in the region bordering 
Lake Erie and in the northwestern part of the State. (See PI. X.) 
The following counties contain the largest deposits : Ashland, Ashta- 
bula, Auglaize, Crawford, Defiance, Geauga, Hardin, Huron, Logan, 
Mahoning, Mercer, Portage, Seneca, Stark, Summit, Trumbull, Van 
Wert, Wayne, Williams, and Wyandot. As in other States in the 
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northern region, most of the peat deposits of Ohio were formed in 
glacial lakes and ponds and in other wet places in depression of 
glacial origin. In some places peat entirely surrounds small ponds, 
the remnants of larger glacial lakes that have been gradually filled 
by vegetation. In other places peat has accumulated on relatively 
flat, undrained land. Dachnowski'^ states that the following va- 
rieties of peat occur in Ohio: Coarse, fibrous, spongy, light-brown 
peat in the upper layers of basin deposits; compact, well decom- 
posed, plastic dark-brown to black peat in the lower layers of basin 
deposits ; fibrous, firm brown peat in built-up deposits. 

Most of the peat in Ohio was formed chiefly by the decay of 
sphagnum, grasses, and sedges and is therefore largely fibrous near 
the surface. Many of the deposits are underlain by marl. The 
area of peat and muck in Ohio is estimated to be about 150,000 acres. 
Perhaps one-third of this area, or 60/XX) acres, contains workable 
peat. The thickness of the peat ranges from 1 to 20 feet, and the 
average is about 5 feet If these figures are correct the peat deposits 
of Ohio should yield approximately 60,000,000 short tons of air- 
dried peat. Probably 25,000,000 tons is suitable for fuel or fertilizer. 

The following table *' briefly describes the principal peat deposits 
in Ohio : 

Loeationt area, depth, and character of peat deposits in Ohio, 



Deposit 
No. 



1 
2 

3 

4 
6 

6 

7 

8 

9 
10 

11 

12 

18 

14 

15 

16 
17 



County. 



Ashland.... 
Ashtabula.. 

Champaign.. 
ColomblaDa. 
Crawford.... 

» « « • •CUV« • w • • • 

Cuyahoga... 



Darke. 
....do. 



do 

Fairfield.... 
Geaoga. ... 

• • • • •Qw» « « • • • 



Hardin. 



Tofwndiip. 



OrweD. 



Urbana. 
Canter.. 
Aubom. 



Cranberry.... 
Solon 



Butler. 



Harriflon. 
Hilfcfd.. 



.....do... 
Amanda. 



Bainbiidga... 



Bartoo..«. 
Bath 



BIgUek. 
Marion... 



T-8 



24-26 



7,18 

18 
2-11 



1-2 

2(M4 

27 



(acres). 



flO 
1,000 

000 



MO 

800 
800-400 

aoo(T) 



100 
5 



70 
100 

9^000 
16^000 



Depth 
(feet). 



17 
5 

4 


5 



10 

2 

4 
16 

16 

12 

10 

17 
7 

8 

5 



Charaoter of peat and vegetation. 



Beddish brown, flbroos. Cranberry- 

8plUq;num meadow. 
Dark brown, partly flbroos, woody and 

well decayed. Tamarack, maple, 

alder. 
Dark brown, slightly fibrous, well de- 
cayed. Cedar. 
DarK brown, well deoasred, partly 

fibrous. Moss and tamarack. 
Dark brown, partly fibrous. Under 

cultivation. 
Same. 

Brown, well decomposed, partly fib- 
rous. Sedges and others. 
Dark brown, well decayed. Under 

cultivatioo. 
Same, slightly fibrous. 
Dark brown, well decayed, slightly 

fibrous. Tamarack. 
Brown, flbroos. partly structoreleBs. 

Under oultiyation. 
Daik brown, well decayed, jMutly 

flbrous. Under cultivation. 
Brown, partly flbrous, well decayed 

with several bog associations. 
Same, slightly woody. 
Dark brown, partly flbrous. Under 

cultivation. 
Dark brown.part]y8tnietnrele6s,soma- 

what woody. Heath bog. 
Dark brown, partly flbrous, well de- 

compceed. under cultivation. 



« Dsdiiu>waki, Alfred, The peat depoalta of Ohio : Ohio Geol. Survey BoIL 16, 4th aer., 
pw IS, 1912. 
** Idem, pp. 368-365. 
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T"' '■—'• 



jtt !r«vB 



C^V-v 



loop) 

s,ooo(n 




Sum. panly under mlUratlm. 
Dvk breirn, mod«»Mly fibno^ 
Partlyor' ■ 



Dvk brown, wrUdecoaipcMd. Uqde, 

Dark bravn, Dbroiii, pwtiT «fU ^ 

campoMd. Tamutck. 
Brown, Strom, iMrtIr >tnii;tiirde<. 



NwlyblaA,«(Ud«caiTip<»ed. Voin 

ctiltlvaClon. 
BrowD, moOtnUij flbrooi. Tuat- 

DarkbTOWDiVdldaoomiwud. Pirfi)' 



Darkbrown.modaBtcljrflbroos. ' 



Dark brown, ircll demmpoetd, EUi~- 

whatwooAT. UTxhr cnm-nOm. 
Sams. Healb mcodoir. 

Same. UndMcnltivsllini. 

Dark brawn. veUdwompaWd. VnU 



Detailed infonnation com'eniing the distribution and properties 
of Ohio peats may be obtained by consulting Bulletin 16 of the (^io 
Geological Surrey. Analyses of peat from Oliio are given on page 48. 
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PENNSTIiVANIA. 

Most of the peftt deposits in Pennsylvania occupy glacial basins 
in the northern part of the State. In northeastern Pennsylvania, 
notably in Monroe, Pike, Sullivan, and adjoining counties, many of 
the glacial laked contain small quantities of peat Ganoga Lake, in 
Sullivan County, and the lakes in the Pocono district, in Monroe 
County, are typical of the peat- forming basins of Pennsylvania. 
There are also some vegetal accumulations in marshes adjoining 
streams, but this material contains so much silt that it is of little 
value for fuel. The quantity of peat in Pennsylvania suitable for 
fuel or fertilizer is probably not more than 1,000,000 short tons of 
the air-dried material. 

OOLVKBIA OOVVTT. 

Locality 1. — ^The eastern part of a deposit on the north side of 
Susquehanna Eiver, about one-fourth of a mile west of the railroad 
station at Espy, contains about 100 acres of peat whose average thick- 
ness is 6 feet. This deposit is long and narrow and contains many 
patches of dry land. It should yield approximately 120,000 short 
tons of air-dried peat. The original vegetation, in which deciduous 
trees predominated, has been removed. The present flora consists 
chiefly of grasses, sedges, ^rubs, and weeds. That the deposit is of 
filled-basin origin is shown by the marl that underlies it. The upper 
layers consist of built-up peat. A test hole made near the drying 
plant of the Espy Humus Fertilizer Co., which is producing peat 
fertilizer, gave the following results : 

Log of test hole near drying, plant of Espy Humus Fertilizer Co,, Espy, Pa, 

Feet 

Blaek fibrous peat li 

Chocolate-brown to reUdlsh-brown fibrous peat li 

Chocolate-brown to reddish-brown well-decomposed plastic 

peat 3 

6 
The chemical composition of this peat is shown in the table of 
analyses (p. 49). The peat from this deposit is excavated by hand, 
loaded on small tramcars, and hauled by a gasoline motor to the 
drying plant. The peat is then run through a rotary drier and 
loaded on railroad cars. As shipped from the plant the peat con- 
tains about 10 per cent of moisture and is sold for its nitrogen 
content. 

Locality 2^ — Locality 2 includes the western part of the deposit on 
the north side of Susquehanna River about one-half mile west of 
the railroad station at Espy. The peat in this locality is separated 
from that in locality 1 by an intervening area that contains no peat 
The deposit ranges from 3 to 10 feet in depth and is underlain by 
marl about 5 feet deep. Locality 2 is about 60 acres in area and 
should yield approximately 96,000 short tons of air-dried peat. The 
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vegetation is similar to that at locality 1, and the deposit is quite 
similar in character. A large area has been cleared. A test hole 
in the center of this deposit, where peat u being excavated for sale 
as fertilizer, gave the following resnlts: 

Log of test hole in center of depotU of Btpy HumuM FerUUger Co^ B^py, Pa. 



Black fibrous peat If 

Brown fibrous peat, containing roots and stems of grasses 

and sedges 1| 

Bro\ni well-decomposed, soft, plastic peat 4 

Brown soft, plastic peat, containing marl 1 

Marl 5 

13 

The chemical composition of this peat is shown in the table of 
analyses (p. 49). It appears to be suitable for fertilizer, but it con- 
tains too much ash for use as fuel. 

osAWYomn oomrrr. 

Probably the largest peat deposit in Pennsylvania is in Pymatuniug 
Swamp, western Crawford County.*' This swamp is nearly 25 
miles long, but peat is not found throughout its area. According 
to Jennings'^ this deposit was originally a sphagnum-tamarack 
bog, but when the tamarack was cut the sphagnum disappeared, 
and the area was converted into an alder swamp. Two small patches 
of tamarack yet stand near Hartstown. 

PHZLADXLPXIA OOmrTT. 

Locality 3. — ^A large area surroimded by the Delaware and Schuyl- 
kill rivers and Darby Creek, near Hog Island, about 6 miles from 
the center of the city of Philadelphia, which has been drained and 
which is largely used for farming and for housing, was carefully 
examined and numerous test borings were made, but no peat was 
found in commercial quantities. Most of the surface is covered to a 
depth of about 1 foot by a mat of fibrous plant remains, consisting of 
roots and stems of marsh grasses, sedges, weeds, and shrubs. This 
mat of plant remains is underlain by clayey soil. The area does not 
contain peat or muck of value for fertilizer. 

0THE& OOXrVTZXS. 

Peat is found in the following localities in addition to those already 
discussed : Marsh near Quakertown, Bucks County ; Bear Meadows, 
Center County; Conneaut Marsh, Crawford County; Cranberry 
Pond and Presque Isle, Erie County; Log Tavern Ponds, Pike 
('Ounty ; and Crane and Tamarack swamps, Wyoming County. 

■■ Hlce, R. R., written communication^ 1918. 
■A Jennings, O. B., written communication. 
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KEW YORK. 
OEVXBAX. rsATin^xs. 

The peat deposits of New York, though numerous and widely dis- 
tributed, may be in general assigned to three divisions — the northern, 
the west-central, and Uie southern — and the predominant deposits in 
each division show differences in manner of formation and in the 
quality of the peat According to their manner of formation they 
may be classified in three groups — ^fiUed-basin deposits, built-up de- 
posits, and composite areas. The built-up deposits may be subdi- 
vided into fresh-water deposits and salt-marsh deposits. 

The peat deposits of northern New York, which includes the 
Adirondack region, are largely of filled-basin origin and, though 
numerous and widely distributed, are relatively small. The peat in 
many places is of great depth, and the upper layers consist chiefly of 
the remains of sphagnum moss. Many of these deposits are too re- 
mote from transportation facilities to be of present economic value. 
A few built-up deposits and composite areas also occur in this region. 

The peat deposits of central and western New York occur in 
marshes and swamps and are largely of the built-up type. Many of 
the largest peat areas in the State are in this region, notably the 
Cicero and Oak Orchard swamps and Montezuma Marsh. Small 
filled-basin deposits and composite areas, some of which are under- 
lain by marl, also occur in this region. 

Peat deposits that may be both fresh-water and salt-marsh de- 
posits occur in southern New York, which includes Long Island. 
The "drowned lands" of the Wallkill Eiver Valley contain the 
largest area of peat in the State — a built-up deposit of fresh- water 
origin — ^which covers more than 17,000 acres, and the peat in some 
places is 25 feet deep. The total area of peat in Orange County 
alone is 40,000 acres. Salt-marsh deposits occur on the shores of Long 
Island and adjoining parts of }Vestchester County. The origin of 
these deposits is similar to that of those on the coast of New Eng- 
land. As the peat is made up of the small variety of plants that 
tolerate salt water, it is relatively homogeneous but contains so much 
inorganic matter that it is of little value for fuel. 

Newland '^ estimates that New York contains about 1,250 square 
miles of peat land, in which the deposits are 3 feet in average thick- 
ness. If this estimate is correct, the quantity of air-dried peat avail- 
able in that State would be about 480,000,000 short tons. Approxi- 
mately 75,000,000 tons of this peat is readily accessible. 

The following notes contain a description of the deposits sampled 
for this bulletin. Further detailed data relating to the peat de- 

» Ncfirland, D. H., New York State Mas. Ball. 102, p. 19, 1906. 
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posits of New York may be found in reports of the New York State 
Museum.** 

OATVOA OOiniTT. 

Locality 1. — ^A deposit west of the Erie Canal locks at Port Byron, 
Mentz Township, includes several hundred acres, and the peat is 
reported to have an average thickness of about 4 feet and to be 
underlain by 6 feet of marl. Onions, celery, and other truck crops 
are grown on this land, which appears to be more valuable for farm- 
ing than for the production of peat. No samples were taken. 

Montezuma Marsh, one of the largest areas of peat in New York, 
also lies partly in Cayuga County but is described in the discussions 
relating to Seneca and Wayne counties. 

ouvTov oomrTT. 

Locality 2. — ^A swamp along the shore of Lake Champlain at 
Kings and Catfish bays, about 2 miles south of Bouses Point, Chun- 
plain Township, which is heavily wooded with maple and elm trees, 
is crovered with muck and impure peat from 6 to 18 inches thick, 
composed largely of the iiamains of leaves, twigs, roots, and small 
pieces of wood. Though usually flooded during the spring and early 
summer, this area is dry in the fall. Test borings gave the following 
results: 

Thickness of peat and muck in tent borings in stcanip about 2 miles aouth of 

Rouses Point, Clinton County, N. Y. 

Feet 
Hole A, south end of swamp: Black sandy mudi:, under- 
lain by gfand } 

Hole B, 100 yards from west margin at point midway bcs 
tween north and south ends: Black impure peat containing 

woody matter ; 1} 

Hole C, north end of swamp : Black muck 1| 

Analysis 18 (p. 45), which shows the composition of a specimen 
taken from hole B, indicates that the material may be suitable for 
fertilizer but is unfitted for fuel. 

Locality 3. — A swamp about 2 miles northeast of Plattsburg, ex- 
tending from the north shore of Cumberland Bay, Lake Champlain, 
northward to Woodruff Pond and Bay St. Armand, contains a deposit 
about 500 acres in area and 2 feet in average thickness, which should 
yield approximately 200,000 short tons of air-dried peat and muck. 
The living vegetation consists of a large variety of plants, chiefly 
red maple, elm, swamp alder, tamarack, and scattered pine trees and 
shrul)s, sphagnum moss, cat-tails, sedges, reeds, and other plants. 

** Rles, H., Th<^ uses of peat and its occurrence In New York : New York State Moa^ 
Flfty-flfth Ann. Rept. (State Geologist, Twenty-flrst Ann. Rept.). pp. r55-rd0, Albany, 
1901. PuFRonH, \. L., Poat, Its formation, uws, and occurrence in Now York: New York 
Btato Mu».. FIfty-sevonth Ann. Rept. (State OeoIoglRt. Tw<«nty-third Ann. Rept.). pp. 
15-88, Albany, 1908. 
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The peat is dark brown and fibrous and contains much woody matter. 
The lower layers of muck contain a large proportion of sand. Test 
borings gave the following results : 

TMcJenesM of peat i» tegt Itoringg 2 miles northeast of Plattsburg, N, Y. 

Feet. 

Hole A, north of wagon road, near southeast comer of 
swamp : Dark-brown woody peat and muck 2 

Hole B, south-central part of swamp north of wagon road : 
Dark-brown woody, sandy peat and muck 2 

Analysis 19 (p. 45), which was made on a sample taken from hole 
A, shows the deposit to be of fair quality for fertilizer but wholly 
unfit for fuel. 

Locality 4- — Test holes in a marsh along both shores of Dead 
Creek, about 1} miles north of Plattsburg, in Beekmantown and 
Plattsburg townships, revealed only a shallow deposit of brown to 
black silty muck, underlain by blue clay. This marsh occupies the 
lowlands along Dead Creek, and is subject to annual flooding. Its 
southern part is classed as locality 8. No samples were taken for 
analysis. 

DUTCHESS OOUVTT. 

LacaiUy 6. — A bog about 1 mile from the village of Fishkill, along 
the main highway, contains about 300 acres of peat 10 feet in average 
thickness and should jrield approximately 600,000 short tons. A 
part of this bog is owned by Asa McElhone, of Fishkill, and the 
remainder by the Orchid Humus Fertilizer Co., of Peekskill. The 
peat is composite in origin, and the living vegetation is made up 
principally of maple, alder, and willow trees and cat-tails, reeds, 
grasses, and sedges. Sphagnum of the large-leafed variety, suitable 
for surgical dressings, was seen in some places. Many fern hum- 
mocks, the roots of which are gathered for orchid humus, occur 
throughout the bog. The peat, which appears to be of excellent 
quality for fuel or fertilizer, is dark brown to a depth of about 12 feet 
and green below this point. Test borings gave the following results : 

Loff of hole A, in south end of excavation at locality 5, 1 mile from Fishkill, N. Y. 

Feet. 

Dark-brown fibrous peat 2 

Dark-brown, well-decomposed firm peat 2 

Dark-brown, weU-decomposed plastic peat 8 

Greenish plastic pond peat containing clay 2 

14 
In hole B, at the north end of the same excavation, whei*e peat is 

being produced, the peat is ISJ feet deep and is similar in texture and 

color to that in hole A. 

Analysis 74 (p. 45) shows the character of a composite sample 

obtained by mixing peat taken at inter\'als of 2 feet to a depth of 
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12 feet in each of the two test holes described, and indicates th^ the 
peat is of good qualitjr for fuel or fertilizer. Analysis 74a (p. 45) 
shows the character of a sample taken from a stock pile of peat ex- 
cavated for fertilizer from the surface layer of the deposit and ex- 
posed to the weather for a year, and indicates that the peat is of 
excellent quality for fuel. The low ash content is doe to the fact 
that the samples were taken from the upper layer of the deposit, 
where DO inorganic material had been washed in by flood waters. 
This deposit contains a large quantity of peat of excellent quality for 
fuel or fertilizer. The Orchid Humus Fertilizer Co., of Peebkill. 

and Asa McElhone, of Fishkill. 

are producing peat from this de- 
posit for fertilizer or stock feed 
Locality 6. — A deposit about 
1 mile west of Hopewell Junc- 
tion, worked by Norwin G, Cole, 
of Hopewell Junction, has pro- 
duced peat for fuel and fertilizer 
for several years. The deposit 
is small but is reported to con- 
tain good peat to a depth of 10 
feet. 

Locality 7. — Stisaing Pond, 
near Pine Plains, is surrounded 
by a peat deposit that is reported 
to be about 10 feet thick and to 
be underlain by marl." Peat is now fonning in the pond. The 
living vegetation, according to Parsons, eonasts of cat-tails, rushes, 
moss, and grasses. 

K88ZX Avs nuursuv oorama 
Locality 8. — Test holes made in a marsh in Essex Coun^, along 
the tracks of the Delaware & Hudson Co., south of the lower mouth 
of Ausable River, failed to show peat. 

Locality 9. — Wickham Marsh, about 1 mile northwest of Port 
Kent, near the mouth of Marsh Brook, contains a deposit about 160 
acres in area and 7 feet in average thickness, which should yield 
approximately 224,000 short tons of air-dried peat. (See fig. 4.) 
The living vegetation consists chiefly of tamarack, spruce, and alder 
trees, heath shrubs, ferns, moss, cotton grass, reeds, cat-tails, pitcher 
plants, sedges, and sphagnum. The peat, which is composed chiefly 
of the remains of mosses, sedges, and grasses, is brown and fibrous 




Fici-'Bi 4. — Map of Wl<^h>m llftnli, 

Cuontr, N. T., shoirtiiK (ippToilmatc poal- 
tloii oi teit botlnsi lor paat 



in the upper layers bat well decomposed at the bott<HD. Test borings 
gave the following results : 

Loga of te*t hortngi t» Wtckham Marah, 1 mile northtoet of Port Kent, .V. 7. 



Bote A, obont 100 rards soutb of north end of marsh near ex- 
tremity of a Dortb-wnith line ttarougb center : 

Brown AbrooB peat, cuntalntng roots of UvinK plants 

Brown flbroug iient, conipt)si^l cbleflj' of niosw, sedgiti, 

andgt^sses 

Brown soft plastic iH-at of uniform texturt^ 

Bole B, 100 jards soatu of bole A : 

Brown flbruus peat 

Durk-brown well-dtwomposed itlaatlc i>eut 

Bote C, 100 j-anls soutb of bole B: 
U^t-brown flbrous peat 



Dnrk-bron-n well-decunipused plastic peat 7 

Bote D, 100 yards south of bote C: Light-brown Ubroua i>eat-. 3 
Hole E, 100 yards south of hole D, near sooth margin of de- 
posit: Brown fibrous peat 2 

Analysis 20 (p. 45) shows the character of a composite sample 
obtained by mixing peat taken at intervals of 2 feet in depth from 
each of the five test holes. It sliows the peat to be low In ash and 
high in fixed carix>n and nitrogen and therefore to be of good quality 
for fuel or fertilizer. 
Analysis 20a (p. 45) 
shows the composition of 
a specimen obtained by 
miiiTig peat taken from 
the upper 6 feet in each 
of the five test holes. 
The analysis shows only 
6.87 per cent of ash. Bet- 
ter fuel could be made 
from this layer than from 
the lower layers, unless 
the peat is too fibrous. 
This deposit is well situ- 
ated with respect to 
transportation facilities 
md contains some of the 
beet peat in Xew York. 

Locality 10.-!-K sphag- 
Dom-headi bog extending 
along Twobridge Brook 
for about 3 miles southwestward from Bloomingdale station covers 
1,600 acres, but not all of it is underlain by peat. (See fig. 5.) 
Tbs tracks of the Delaware & Hudson Co. pass through the center of 
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Ttamm 6. — Hap ol peat depoalt Bonthirrat of Bloom- 
Inedale station, Ritei aad FraDklln eonnllm, 
N, Y., ahowing appraitmalp position of tret borings 



LSO pz^7 js THE rxmx' « 

tLfc U>f. TL(t QefMKii of ptsii& i* admo. 7<.«j» »ais a uea Aad d im 

^.T-^in^r: ;>r^t. The liTixig Tegctation ciciDsasi£ li^'pjj ^- '^^ 
hhr.t/'. lu'^'r^^ thf: h]^^}jtrTj» jj^d c'OCKn iT*s^ iLoQ^ diere az« ab' 
a f*-^^ v.-^tt/'i'r'j uxiiArftrk« spruce, ^nd ockIat trees^ The depoat is of 
th«r ^>u;]t-Lp tyjif; nu'J vjls fon&cd on a fl«u aiuiy. pwxlT dniiied 
Kijf fttoe. A Mfrieb of Uift boriniEi ^ve the foUovi^ resHhs: 

/xrsf« '>/ r«W lr/W^« III e^o^ ^ mife^r ^otifh^^^ of Bluomim^mJe Mtmiwm, Ernes 9ti 

Framlliu ftfmutU*, X. r. 
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iio\tr X. iif>«iut a '|Qiirr«-r of a mile iicnit fairest of Blooealiipl&le 
i$t4tIori vn «ti.«rt *^4e of railroad tnck: Ligfaf-lrnvn iK«qr 

fibrviUff p*-iit 1 

Uo\f V: h\m»ux a r|ijjirt«fr of a mile ffootliwest of bole A: Same 

f'^iaract4;r of material aa that in hole A. 
Hole C, aUiOt a quarter of a mile M>athwe<< of bole B: 

Same eharaeter of material as that In hole A. 
Hole r>, atiOQt a quarter of a mile sontlnrpfft of hole C: Same 

''hanuiiff of mati^al an that in hole A. 
Holi? K, about a quarter of a mile south west of hole D, near 
hrldKe a'TOMH Tw^ibridge (*reelw : Light -brown mosi^ fibrous 

JKfMt 2§ 

Hole y\ about u quarter of a mile Miutbwest of hole E : 

IJariit-brom'fi numgy llbroua peat 2 

I>arlc-bnmii decomposed plastic peat 4 

Hole c;, abfiut a quarter of a U'ile nrmthwest of hole F: 

\Av\\X brown mossy fibrous peat 2 

l»arlc-browfi well-decouipowHl plastic peat 6 

Hole If, about n quarter of a mile southwest of hole G: 

LlKht -brown moMsy fibrous peat 2 

Dark-brown wellnlecomiwHed plaKtic peat 2 

Ilolo 1. liboul a quarter of a mile southwest of hole H: 

IJ^bt-brown mossy fibrous peat 2 

hark-bniwn well-deooiniKisecl plastic pent 3 

Hole J, iilMMit a* quarter of a mile southwest of hole I: 

LlKltt -brown mossy fibrous p<»at 2 

Oark-brown well-<)c<'ompose<l plastic peat of unif6rm 

texture 13J 

Hole K, alwiut a qunrter of a mile southwest of hole J: 

LlKbt-browii iiiosHy fibrous \yeoX 2 

Ilrown well (leroinjxiSiHi plastic peat of uniform tez- 

tun* 10 

Hole L, aboii( ii <iuarter of a mile southwest of hole K, near 

Koutb cil^'e of boK: Ught-brown mossy fibrous peat...— 2 

!It)l«» M, about a quarter of a mile west of bole F: Dark-brown 
llbrouM inoHH^' lH»at 2} 

Tn hole K a layer of lop;, roots, and woody matter was enconn- 
(4'rod at a doi)th of 1'2 feet that could not be penetrated with the 
sampling tool. 

Analysis l-M (p. IT)) shows the character of a composite sample ob- 
tained by mixing pout taken at intervals of 2 feet in depth from 
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S, F, 6, and M. It showH that the peat in the northern half 
Im^ contains only 6.54 per cent of ash and is therefore well 
d for fuel. The heating vahte is 9.135 British thermal units, 
lis 23 (p. 46) shows the character of a composite sample ob- 
by mixing peat taken at intervals of 2 feet in depth from 
FT, I, J, and K. It shows that the peat in tlie southern half 
bog is also of excellent qnality for fuel. The peat contains a 
srcentage of nitrogen and hence might be used in the manu- 
i of commercial fertilizers. 

iliiy 11. — Two heath bogs on opposite sides of the Delaware 
ison C«.'s track, at Middle Kilns. The largest bog contains 
200 acres and lies south of the railroad station. The average 
ess of the peat in this bog 
9rted to be about 6 feet It 
. cleared and could be readily 
id. If the area and depth 
>rrectly estimated it should 
approximately 240,000 short 
f air-dried peat. 
ility 12. — Sphagnum-heath 
n the Chateaugay branch of 
slaware & Hudson Co.'s rail- 
B quarter of a mile south- 
i Onchiota. This bog covers 
200 acres, and tiie deposit of 
& reported to tie 5 feet in 
re thickness. It should there- 
^leld approximately 200,000 
x)ns of air-dried peat. 
^ity 13. — A sphagnum- 
s bog south of Lake Clear, 
2 miles west of the rail- 
station at Lake Clear Junction, is about 200 acres in 
2J feet in average thickness, and contains about 100,000 
^ons of air-dried peat. (See fig. 6.) The Adirondack division 
Xew York Central Railroad ^irts the north end of this bog. 
;getation consists chiefly of sphagnum and other mosses, heath 
1, and spruce and tamarack trees. The peat is dark brown and 
> fibrous and is composed chiefly of the remains of grasses and 
, except near the top, where moss peat predominates, 
smposite sample, whose character is shown in analysis 23 (p. 
as obtained by mixing peat taken at intervals of 1 foot in depth 
lach of four test holes put down on a north-south line through 
ater of the bog. The peat appears to be low in ash and high 
d cubMi and nitn^en, which indicates that it is of good qual- 
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Fioomi 0. — Map of peat bog Bouth < 
Lnke Clear, FrRDklln OoDDt;, N. T 
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it^ for fuel or fertilizer. The deposit, however, ie too shallow for the 
production of machine-peat fuel, though hand-cut peat might be 
obtained after the bog had been adequately drained. 

Locality 14. — A series of test holes was made from northeast to 
southwest across certain areas south and east of the railroad station 
at Saranac Junction, on the Adirondack diTi8i<m of the New Yarb 
Central Railroad, but no peat was found. The peat appears to have 
been destroyed by fire. The living vegetation is the same as thit 
which grows on many peat bogs in the surrounding region and is 
therefore misleading. 

Locality 15. — A bog containing peat extends from the southead 
shore of Baquette Pond to the north shore of Tupper.Lake and taA- 




FlGDBB T.— Hbi> of peat 



Tapper Lakp, Praiikllii Conaty, N. T* 



■bowlDg approililute pMltian ot U>t trarlnsi for peat. 



ward along Raquette River. (See fig. 7.) The part of the b(^ 
adjacent to Raquette Pond and Tupper Lake is about 600 acres in 
area, and the peat is 5 feet in average thickness, so that the am 
would yield approximately 600,000 short tons of air-dried peil- 
This area was formerly a heavily wooded swamp, but the timber 
has been removed. The peat is dark brown and well decomposed; it 
contains some soft woody matter near the top and the remains of 
sedges, grasses, and cat-tails at the bottom. The surface ia covered 
by a thin layer of mud, which has probably been deposited by ncent 
floods. A series of test borrngs gave the following results; 



TMofcHw* of PMt l» f«if horinffi in deposit nortktoett of Tapper Lake, 2f. T. 



Brown flbronB peat I 

Dark-brown plastic peat 4 

Bole B, near east-ceotral part : Durk-brown plastic peat 4 

Hole G, eboat 100 yards west of hole B: Same kind of peat 

as that In hole B K^ 

Hole D, about 100 yards west of hole C: Same kind of peat aa 
that In bole C. 

Analysis S4 (p. 46), of a sample taken from hole A, shows the 
peat in the northern part of the bog to be of good quality for fuel 
or fertilizer. Analysis 25 (p. 45) shows the character of a com- 
posite sample obtained by mixing peat talcen at intervals of 1 foot 
in depth from holes B, C, and D, and indicates that the peat in the 
central part of the bog is also of good quality. 



Locality 16. — ^The Oak Ordiard Swamp, which extends from Clar- 
endon, Orleans Conn^, westward for a distance of nearly 20 miles, 




is one of the largest in New York. (See fig. 8.) Mndi of the peat 
land in locality 16, which includes the eastern part of the swamp, 
9 miles north of Batavia, in Genesee and Orleans counties, is owned 
by the Western New York Farm Land Co., of Batavia, N. Y. The 
average width of the swamp is about 2 miles. Approximately 10 
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t^iumrti fnib!« of th^ toUl am is rorered with peat. Hie peal is 
ikhallov tfaroug^Kiut most of the sramp. espedallT in the western 
f/nrt. wht-n: the areraize thickncflg is onlj 3 feet. la Ihr aaslem part 
th«; f#^t rant?e« in thickness from 1 to 1^ feet. The svmmp probably 
HofjJrl yitflfi about lJ/^>//Jf» Eboft tons of air-dried peat from beds 
6 f«?K thiclc and an eqoal quantity from beds 3 feci thick. The 
fsarly flora ronsisted of a dense growth of small plants as well as 
maple and other deciduous trees and some white eedar. Howerer, 
th#; ar^ has been largely cleared of trees and nnder^frowth. and 
thousanrJs of acres are used for the growth of celery, Icttnoe* onioos. 
and Imckwheat. 

A series of test borings in this locality gave the fcrflowing results: 

JjjffM of tent fjorinffn in Oal: Orchard Stc^mp, 9 milen norfft of Bmtaxia, .V. T. 



Hol<* A, nmr Hoath eilge of depotflt at roadside: Black muck- 1 

Hole li, \ mile north of bole A : Black woodj, Inpare peat — 2 

IIol<?^*, I mile north of hole B: Black woody, Impare peat 3 

Hole D, i mile north of hole G : Black woody, impure peat — 3 

lIoleK, i mile north of hole D: BUick woody, Impuie peat — 3 
Hole F, i mile north of hole E, edge of swamp : Black woody, 

impure peat 2 

Hole 0, 1} miles east of hole D, at side of South Barre road : 

Black muck 1 

Brown fibrous woody peat 2 

Brown, well-decomposed peat, composed chiefly of the 

remains of RedReg, frrassen, rushes, and cat-taib* 4 

Hole II, half a mile south of hole O : 

Blfick muck * 1 

Brown fibrous woody peat 2 

Brown peat • 2 



AnalyHis 6$) (p. 45) shows the character of a composite sample 
ohtainod by taking peat at intervals of 1 foot in depth from holes B, 
C, 1), and E and from several drainage ditches. It indicates that the 
peat is of good quality. The high nitrogen content (3.01 per cent) 
is especially noteworthy. Analysis 70 (p. 45) shows the character 
of a (*oniposite sample taken from hole G, where the deepest peat was 
found. It indicates that the peat in this part of the deposit is similar 
to that in holes A, B, C, D, E, and F. The peat throughout this 
locality is of excellent quality for fertilizer or fuel. 

Localitij 17, — Locality 17 includes the western part of the Oak 
Orchard Swamp, north of the villages of Alabama, Wheatville, and 
Oakfield, Alabama Township. The location and ouUine of this part 
of the swamp are shown on the map of the Medina quadrangle, pub- 
lished by the United States Geological Survey. As this locality has 
been described by Parsons, no borings were made. The average 
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thickness of the peat, which is underlain by marl, is reported to l>e 
about 3 feet. Parsons ** says : 

North of Alabama the deposit can hardly be dignified with the name of peat, 
for it 18 drier than in the other portions and has a sandy subsoil and the peat 
contains a large percentage of foreign matter. The forest growth is principaUy 
made up of white cedar, tlioagh many deciduous trees are found. Sphagnum 
is not common but has been replaced by a moss of the genus Hypnum, 

9 

It therefore seems improbable that the western part of the Oak 
Orchard Swamp contains peat valuable for fi^. 



OOITHTT. 

LocalUy 18. — A spruce bog north of Brandreth extends along both 
sides of Beaver Biver and several small tributaries near the west end 
of Nehasane Lake. The location and area of the deposit are shown 
on the map of the Big Moose quadrangle, published by the United 
States Geological Survey. The living vegetation ccmsists chiefly of 
black spruce trees, sphagnum, and heath shrubs. The thickness of 
the peat was not determined and no samples were taken for analysis. 

LocaitUy 19, — ^A meadow along the north branch of Moose River, 
about 2 miles north of Old Forge, is shown on the map of the Old 
Forge quadrangle published by the United States Geological Survey. 
This area contains no peat of economic value. The surface layer 
consists of muck, which contains much silt washed in by the overflow 
of Moose Biver. No samples were taken for analysis. 

LocalUy 2O4 — ^A meadow on the north side of the New York Cen- 
tral Railroad track, about 1 mile southwest of Fulton Chain, is 
shown on the map of the McKeever quadrangle published by the 
United States Geological Survey. The peat in this meadow is too 
sandy to be of economic value and no samples were taken for analysis. 

OVOVDAOA oomrTT. 

Locality £4. — Cicero Swamp, which lies about 3 miles east of North 
Syracuse and an equal distance south of Oneida Lake, is several miles 
long, though the east end contains some patches of dry land. (See 
fig. 9.) The whole area is shown on the maps of the Syracuse and 
Chittenango quadrangles published by the United States Geological 
Survey. The area shown in figure 9 is about 8 square miles, or 5,120 
acres. The maximum thickness of the peat shown in test holes was 
11 feet, but it is reported that the peat is 15 feet deep in some places. 
An area of about 3,500 acres is covered with peat 6 feet deep and 
1,500 acres with peat 4 feet deep. The quantity of peat available in 
locality 24 is estimated to be equivalent to 5,400,000 short tons of 
air-dried peat. The area is composite in origin. Most of the peat is 
of the built-up type, though pond-peat is found in some places, indi- 



•* Farsons* A. L., op. clt.» pp. 83-85. 
91065**— 22 10 
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PEAT nr TBE I.SITB1> ?rkZl& 



i»liaff that irt« K'« w^s ff-vmcij on a Urse flat, poorir dr»iii«l ^nr- 
h*^ tliAl f^jTi'uli.t"! -rir.all rofiiia. )Iarl onderlicE the peat in iran 
placei. T?.": l.rii.^ vrgfruiion con=i£i£ cfaieflr of spriKe. tunanck. 
BH'I '*f]nr itv^.. Le&th ^hrufis. acd ^pbacnum. Near the crntn- of 
th« swamp ttiere i-r a Iar£« open epbafirDum bealh similar to tboee in 
Maine. Minneii'<ta. an') eaiiteni Canada. Around the mar^^ of the 
>!w«inp .str^'~hp« a zone one-fonrth of a mile wide of deciduoos tnts. 
cliiefly r*A inapl»^. Piste XI. A. show^ the general appeuumof 
till: r«arrip. The f>ea^ which is compoeed chiefly of the remains of 




Kpliiifriiiiiii inosB, lieulli i^liriilis, »ml gras.ses, is brown, fibrous to well- 
(lvc((m]X(seiI, wft, and plastic. The upper layers contain some woody 
mailer. A aonnu of lest boring gave the following results : 



l.ogx »f IcKl horiiigx it 



Himmp, near North Rj/roeuse, N. 7, 



Holt' A, Rixitli of ciiKt i>ti<l of IiOng Island : Black woody Im- 
purt! iM»ttl 2 

)Iiil(- II. oniM'lKbth of I) mile ttoutli of hole A: 

lllai'k woody i»'ut umi niuck 2 

Ilrowll ]llHKliO JM'ttl 2 

Hull' <'. oii<-('lKlit>i of a tnlki Bouth of liolc B : 

Itrowii Ilbroiw iH-at coritalnhii; woody mutter 2 

Dnrk-browii wcll-dcoompoHed peat SJ 
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A. NATIVE SECTION OF CICIcno SWAMP, ONONDAGA COUNTV. N. K 




The Winning of a Peat Swamp. 
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Hole D, one-eighth of a mile Kmth of hole G : Feet 

Brown fibrous peat, containing the remains of sphagnum— 2 
Dark-brown well-decomposed plastic peat of uniform tex- 

Hole E, midway betweoi the west end of Long Island and the 
west edge of the swamp : 

Brown fibrous, woody peat 3 

Brown well-decomposed plastic peat of uniform texture — 8 

Analysis 64 (p. 45) shows the composition of a composite sample 
ained from hole D and indicates that the peat near the center of 
swamp is of excellent quality for fuel or fertilizer. The ash con- 
t is only 7.34 per cent and the nitrogen 2.02. The calorific value 
1^6 British thermal units. Analysis 65 (p. 45), which shows the 
iracter of a composite sample taken from hole E, indicates that the 
it near the western edge of the deposit is similar to that in the 
ter. 

Cicero Swamp is well situated for the production of peat fuel or 
tilizer, and the deposit contains a large quantity of good peat, 
ich of the deposit is underlain by marl, which could be economically 
d in neutralizing the peat. A large area of peat at the west end 
the swamp is used for the growth of truck crops. 
'^ocaUty 26. — ^A deposit about 1\ miles northwest of North Syra- 
e, Clay Township, which is about 1,500 acres in area and 10 feet 
average thickness, should yield about 8,000,000 short tons of air- 
ed peat. The peat, which is made up chiefly of the remains of 
ges, grasses, leaves, and shrubs, is dark brown, well decomposed, 
stic, and of uniform texture. The early flora consisted chiefly of 
iduous forest trees and partly of spruce and tamarack, but the 
Bs have been cut, and a large part of the area has been drained 
I cleared and is cultivated. Onions, celery, and lettuce are the 
ncipal crops grown. A series of test borings gave the following 
ults. 

8 of test borings in peat deposit i} mUes northwest of Xorlh Siyracune, N, T, 

rage. 
Hole A, about 50 yards north of scNith edge and three-fourths 
of a mUe from east end : 

Brown fibrous peat — 1 

Brown well-decomposed firm peat 4 

Hole B, about 150 yards north of hole A : 

Brown fibrous peat, dry and earthy 1 

Brown weU-decompoeed dry peat 2 

Brown well-decomposed plastic peat of uniform texture 8} 

Hole C, about 100 yards north of hole B In center : 

Brown dry fibrous earthy peat 1 

Brown well-disintegrated dry peat 2 

Brown well-decomposed plastic peat 12 

Analysis 66 (p. 45) shows the composition of a composite sample 
ained from hole B and indicates that the peat is well adapted for 
i or fertilizer. 
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/xf^Uy 2C^ — A aaaJX ^^t^anat aboot i biIcb fom Honne cm the 
HVjrxJbijH farm «ncapies a filled twsn that u nndslun br nuii 
T}«ft lirJRfT T«ectatioB ooowti of eat-taOt. gisaaes. and sedges. Tbe 
ikpvMit is le« than 1 a^m in area, ii 4 feet in aTcrage thickaies, and 
fwntaiiii onlj- about ^A cfaort torn of air-dried peat. A thin Utct 
of black mock coren the surface of the depoeiL Tbe upper lareis 
of peat an fibrous, and U>e lower lajers. which are underlain br 
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marl, iiro woU documiMwed. Analysis 71 (p. 45) shows the composi- 
tion of a Hpooimcn from this deposit and indicates that the peat is 
iif K'xxl quality for fertilizer. This peat area, though small, is de- 
Kc-rilH><l lH>('uii.sti the owners, Woodhuld & I«iaereaux, have produced 
]M«at furtilixer from it fur many years. There was no production 
in 1018 kx-ause of the amall quantity of peat in the d^Kisit, and it is 
iH'licveil that no further production will be attempted. 

l.walit}/ *7. — ^The " drowned lands " of the WaUkill River valley 
cxtc'nd tliniiigh Warwick, Wawayanda, and Goshen townships. 
(See fig. 10.) I<lori(U, Rig Island, Pine Island, and Durlandville 
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are situated along the southern margin of this swamp, which is 
about 17,000 acres in area and is underlain by peat that ranges in 
thickness from 1 to 25 &et. An area of about 10,000 acres is under- 
lain by peat 10 feet deep. This deposit should yield approximately 
20,000,000 short tons of air-dried peat. The greater part of the 
area has been cleared and drained and is cultivated. The earlier 
vegetation, a living remnant of which may still be seen about 2 
miles northwest of Big Island, consisted of spruce, tamarack, cedar, 
and red maple trees, shrubs, cat-tails, rushes, sedges, grasses, and 
mosses. The peat is dark brown and fine grained except near the 
bottom, where green pond peat occurs. Little fibrous peat wa& 
found, and no roots or buried logs are present except near the sur- 
face. A series of test borings gave the following results : 

Logs of tett horinifM in the ** drowned lands " of WallkiU Rirer valley, N, 7. 

Feet 
Hole A, li miles nortli of Big Islantl, uear enst e<1xe of uii- 

drained section: 

Brown di8inteip*aled peat, containing some woody 

matter 2 

Dark-brown well-decomposed plastic peat of uniform tex- 
ture, underlain by clay 8 

Hole B, about 100 yanls northwest of hole A : 

Brown woody peat 2 

Dark-brown well-decomposed plastic peat, uniform in 

texture 8 

Greeniidi fine-grained pond peat 4-|- 

Hole C, about 100 yards northwest of hole B : Same kind of 

peat as that in hole B 10 

Hole D, about 100 yards northwest of hole C : Same kind of 

peat as that in hole B. 
Hole E, about 100 yards northwest of hole D : Same kind of 

peat as that in hole B. 
Hole F, about a quarter of a mile northwest of Big Island, in 
area known as the ** Pumpkin Swamp *' : 

Brown dry well-disintegrated earthy peat 3 

Dark-brown thoroughly decomposed plastic i>eut. of uni- 
form texture 9 

Greenish fine-grained clayey pond peat 2 

Parsons '• gives the following results of test borings for peat at 
other places in this locality : 

Depth of peat in test borings in " drowned lands " of Wallkill River valley, N. Y. 

Feet. 

Boring on Black Walnut Island 18 + 

Boring half a mile west of DurlandviUe 16 

Boring li miles west of DurlandviUe 17 

Boring half a mile west of Big Island 12i-j- 

'Boring 1 mile west of Big Island 12J+ 

Boring at Florida 18 + 

Boring on Pine Island 18 + 

■^Panoni, A. L., op. clt, p. 70. 
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AnmlysiB 72 ( p. 45) diows the character of s compcnte saniple ob- 
Uiined by mixing mmterial taken at iotenrak of 1 fool in depth fron 
hole B. It shows that the peat ia low in adi (1S.68 per cent) ind 
high in nitrogen (2.89 per cent) and therefbie is soitable for fad 
and fertilizer. Analysis 73 (p. 45) shows the lAaracler of a con- 
posite sample from hole F. It indicates that tiie peat in this part of 
the deposit contains a hi^ier proportion of niorganic matter thtn 
that in the vicinity of hole B. The nitrogen content of both ssmpks 
is relatively high. This deposit, which contains peat of excdknt 
qoality for both fuel and fertiliaer, is the largest in New York. Hie 
area is extensively used for the eoltivaticm of onions and othtf crops 
and is probably more valoable for this ose than for the productioii of 
peat for fuel. (See PL XI, B.) The onions are grown on rdmtivriy 
pure peat. About 2fiOO acres of the WallkiU Swamp are undrsined. 

ST. LAWaXMCX OOVVTT. 

Locality 28. — A bog west of Horseshoe Lake, aboat half a mile south 
of Horseshoe station, Pieroefield Towndiip, is shown on the map of 
the Tupper Lake quadrangle, published by the United States Geo- 
logical Survey. This bog is about 850 acres in area. The peat is 
shallow and therefore of doubtful value. 

Locality 20, — A bog on the east shore of Hitchins Pond, Cottoa 
Township, is about 200 acres in area and 4 to 5 feet in average thick- 
ness. This deiK>sit should yield approximately 180,000 short tons of 
air-dried peat. The surface is smooth and is overgrown by sphagnum 
moss and heath shrubs. 

tXVXOA AVD WATVX OOVSTXXa 

Montezuma Marsh, north of Cayuga Lake, is divided at the norA 
end into two arms, one extending along Seneca River and the 
other along Clyde River. Below the junction of these rivers the 
marsh is broad and extends to Cayuga Lake. Its area and location 
are shown on the maps of the Auburn, Clyde, Geneva, and Weeds- 
port quadrangles published by the United States Geological Surrey. 
Its maximum length from Cayuga Lake northward to Spring Lake 
is about 14 miles. The total area of the Montezuma Marsh is approxi- 
mately 24 square miles ; the two northern branches are each about T 
square miles in area, and the widest part, at the north end of Cayuga 
Lake, near the junction of Clyde and Seneca rivers, is about 10 square 
miles in area. Only a part of the marsh contains peat and muck, 
much of which is shallow. In the northern part of the eastern branch 
the average thickness of the deposit is only 3 feet. Farther south 
toward the center and also in the western branch along Clyde River 
the deposit is deeper. The part adjoining the north end of Cayuga 
Lake contains filled-basin peat and muck underlain by marl, a con- 
^^^tion which indicates that the It^ke formerly extended farther north 
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its present dion line. The living vegetation on the margin 
be manih coosBts of small willow, maple, and alder trees, 
h grow in a zone <ffie- 



th to one-half mile 
L In the area sur- 
ided hy this zone the 
inont planta are cat- 
, sedges, and marsh 
ses, which are gath- 

and sold for packing 
irial and chair Beats, 
peat is fibrous to plas- 
and rather impure. 

greater part of the 
trial in this deposit is 
k. A strong odor of 
ugen sulphide was 
%able when the holes 
I put down. Because 
le large area of Mon- 
ma Marsh the char- 
- of the peat in its 

northern branches, 
1 both of which sam- 

were obtained, is de- 
ted separately, 
icalitp 50. — Locality 
[see fig. 11) includes 
northeast branch of 
narsh extending along 
!ca Kiver. It is esti- 
td that the deposits 
bis locality, much of 
ch is underlain by 
, should yield 2,.')00,000 short tons of 
St borings gave the following results : 




Fiome II. — Hap of the uortheaMeTn part of Monte- 
inma Manb, Seneca lod Wayne counties, N. Y.. 
BhowlDB approilmate poalUon ot teat boriuga Car 
peat. 



r-dried peat. A series 



Hole A, about 1 mile w€st of Senei:a River, on the soutli nide 
of the tracks of ttae West Sbore Railroad : Black muck 

Hole B, about oue-fourtb of a mile east of hole A : 

Black muck 

Dark-brown plastic peat 

Hole C, about one-fourth of a mile east of hole B : 

Black mnck 



Black plastic peat- 



it ot bote C : Black sandy 
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Analysis 67 (p. 45) idiows the chftracter of a compowie sample 
obtained by mixing material from boles B and C. It indicates 
that this deposit contains a high percentage of ash and could not be 
osed for fuel. The following analysis reiwesents the composition 
of the marl that underlies the peat in this locality: 

AnaipHs of marl from Seneeo oni Waw^e eomniie*, y. T. 

Lime (CaO) 45.76 

Ma^esia (MgO) 1.21 

Carbfm illoxkle iC(\) 3^.32 

Phofl|ihonm pentoxide (PjO^) None. 

Although the peat in this part of the deposit is too shallow and 
too impure to be of any value for fuel, it might be used as an ingre- 
dient of fertilizers. However, the marl that underlies the deposit 
is of gooil quality and could be advantageously used for treating the 
peat or for the manufacture of Portland cement. Parsons ^ states 
that the ]>eat is also shallow at the south end of the marsh near 
Cayuga Lake. 

Locality 31. — ^Locality 31 (see fig. 12) includes the northwest branch 
of Monteziuna Marsh, along Clyde Biver. This branch is about 
7 square miles in area and contains a deposit of peat 4 feet in 
average thickness, which should yield about 8,500,000 short tons 
of air-dried ]>eat. The peat in the center of this locality is under- 
lain by marl. The vegetation consists chiefly of cat-tails and maple, 
willow, and alder trees. The peat is dark brown, firm, and some- 
what fibrous near the surface but plastic and well decomposed in the 
lower half of the deposit. About 6 inches of black sandy muck over- 
lies the peat. A strong odor of hydrogen sulphide was noticeable 
when the test borings were made. A series of holes gave the follow- 
ing results: 

Log^ of test "borings in northxoestem part of Montezuma Marsh, Seneca and 

Wai/ne counties, N. T, 

Feet. 

Hole A. about a quarter of a mile west of the east edge of 
the marsh along the New York Central RaUroad: No peat 
found. 

Holt' 15, about a quarter of a mile west of hole A : 

Black sandy peat | 

Black fibrous i)eat li 

Hole C, about a* quarter of a mile west of hole B : 

Black sandy muck 1 

Brown fibrous peat li 

Brown plastic peat 5 

Hole D, about a quarter of a mile west of hole C : 

Black sandy muck . i 

Br<>wn flhrous to disinte^ated peat 3^ 



^Tarsonn, A. L., op. cit., p. 82. 
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Liialysis 68 (p. 45), which repreeents the character of a composite 
iple from holes C and D, shows that the material may be suitable 
agricultural use, but is too high in ash for fuel. Locality 31 
tains better peat and muck for agricultural use t^an locality 30 
L is well situated for development, though drainage mi^t be 




icult during the high-water a-tages of Cayuga Lake and Clyde 
'er. Several large drainage ditches already have been constructed, 
e mar) underlying much of the peat is valuable for agricultural 
or for the manufacture of Portland cement. 



enmsAi natmxB. 



ks shown on the accompanying map (PI. XH), Bergen, Essex, 
dsoD, Mercer, Middlesex, Morris, Passaic, Somerset, Sussex, 4 
ion, and Warren counties, in the northern half of New Jersey, M 
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contain most of the peat in that State. The best and most exteo- 
sive deposits occur in the Sprout Brook Meadow, Bergen County; Id 
the Black, Bog and Vly, Troy, Vernon, and Sussex meadows, Morris 
County; and in the Pequeet Meadows, Warren County. Some pest 
is also found along the coast. The deposits of northern New Jersev 
are chiefly of the meadow type, although there are a few spruce anil 
cedar swamps in the State. The greater part of the peat originated 
in glacial lakes and ponds and should, therefore, be classed with 
the peat in the region of the Great Lakes and the New Englutd 
States. Although most of the deposits in salt marshes along the 
coast of New Jersey, like 
many of those along the 
coast of New England, ire 
related in origin and com- 
position to tbose in the 
States of the southern M- 
lantic coastal region, these 
salt marshes are in this 
report classed with tbt 
major areas of peat ac- 
cumulation of the north- 
ern region. It is estimated 
that about 15,000,000 short 
tons of air-dried peat 
could be obtained froni the 
deposits in New Jersey. 

A detailed description 
of many of the valnable 
ibip, peat deposits in Neir Jer- 
sey is given in a report bj 
Parmelee and McCouit" 
The following deposits from which peat has been produced commer 
cially were examined in order to obtain data for this report. 
aVBszx ootrwTT. 
Locality 1. — A deposit in Byram Township, about 2J miles north 
of Netcong, which is about 150 acres in area and 10 feet in average 
thickness, should yield approximately 300,000 short tons of air-dried 
peat. (See fig. 13.) Formerly the area was covered by a heavj 
gi'owth of broad-leaved trees, among which the maple predominated 
A large part of the surface has been cleared, and in other places there 
is a growth of cat-tails, sedges, grasses, and small shrubs. The de- 




FloDRE 13. — Uap of peat dFpoBll In BTnin Tow 
Suawx County, N. J., Hhowlng approilmate 
tloD of teit borluEi tot p«aC. 
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eit originated in a lake or pond, but the upper layers consist of 
ilt-up peat formed by the accumulation of the remains of plants 
at gained a foothold upon the peat after the basin had been filled, 
le origin is plainly shown in the structure of the deposit. The 
^er portion consists of greenish pond peat that is composed ea* 
'ely of ihe remains of aquatic plants, sudi as pondweed and water 
ies. Above this part, extending from the surface to a depth of 
out 10 feet, the peat is brown and is composed of the remains of 
asses, sedges, mosses, cat -tails, shrubs, and other plants that grow 
ly near the ground-water level. Several test holes put down in the 
rthern half of the deposit gave the following results : 

Logs of teat horinffa in Bffram Toumahip, Suaaex County^ K. J. 

Hole A, near north end of deposit in cleared area : ^^t. 

Brown fibrous peat, containing roots and pieces of wood- 2 

Brown fibrous peat 2 

BrowTi well-decompoeed peat 3 

YeUowish-brown plastic clayey peat 1 

Hole B, in center of cleared area, southeast of hole A : 

Brown fibrous peat, containing roots and pieces of wood- 2 

Brown fibrous peat 2 

Brown plastic peat, of uniform texture 4 

Greenish soft ppnd peat 3J 

Hole C, about 100 yards southeast of hole B : 

Black earthy peat 1 

Brown fibrous peat, containing pieces of wood and roots- 3 

Brown fibrous peat, free from wood 2 

Brown well-decomposed plastic peat of uniform texture- 4 

Greenish clayey soft pond peat 54- 

A composite sample (analysis 1, p. 44) from the upper 10 feet was 
tained by mixing peat taken at intervals of 2 feet in depth from 
?h of the test holes. The analyses show that the peat in the upper 
feet is of good quality for fertilizer or for fuel. Peat fertilizer is 
ing produced from this deposit by the Commercial Humus Co., of 
jwark, N. J. The peat is excavated by hand, loaded into wooden 
im cars, and hauled by cable to the loading station, where it is 
icerated and discharged into a large rotary drier. From the drier 
3 disintegrated peat is loaded directly into railroad cars* The 
oduct is used as a nitrogenous ingredient of commercial fertilizers. 
T several years a small quantity of peat fertilizer has been annually 
oduced at this plant. Analysis 2 (p. 44) shows the quality of the 
w peat excavated for fertilizer. 

WAXBXV GOTOTT. 

Locality S. — ^The plant of the Alphano Humus Co., of New York, 
Y., is located on the deposit in the Pequest Meadows, which ex- 
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tend along Pequest River from DaQville to Long Bridge. (See 
14.) About 2,000 acreB, which it is eBtimated would yield appn 
mately 1,600,000 short tons of air-dried peat, is said to be oontro 
by this company. The deposit is uaed for the growth of celery, oni< 
lettuce, and other truck crops, and for the production of peat 



FioiiBi 14, — Uap ol pp>l drpoilt aloilB PeqiMSt RlTt-r, Wirrvn CountT, M. i. 

tilizer. This locality contains some of the best peat in the Uni 
States and is well situHt«<] with respect to transportation facilii 
and market. 

MAINE. 

The most accessible peat deposits in Maine occur in Androscogj 
Cumberland, Kennebec, Knox. Lincoln, Oxford, Penobscot, Wal 
'Washington, and York counties. (See PI. XIII.) All these co 
ties lie in the eastern and southern parts of the State and 
traversed by railroads. Aroostook, Piscataquis, and Somerset co 
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5, in the northern and western parts of Maine, also contain largo 
posits of peat, but on account of the lack of transportation facili- 
s in this region little is known concerning the quality of this peat, 
istin and Davis ** say that peat resources as great or greater than 
ose of southern Maine occur in the forested lake districts of the 
rthem part of the State. Most of the northern deposits, like 
my of those in northern Minnesota and Michigan, are situated 
heavily forested swamps, containing deep standing water, and 
tempts will hardly be made to use the peat for many years. Ac- 
rding to Burr,** nearly all the peat in Maine that will be used 
mmercially for several years lies between the coast and a line 
awn from Houlton to the Eangeley lakes. 

The built-up deposit formed on relatively flat or gently sloping 
ad surfaces is the predominant type in Maine and, to the scientist, 
e climbing bog, a variety of this predominant type, is of most inter- 
L The predominance of built-up peat in Maine is ascribed to the 
tensive flat, undrained areas and to the cool humid climate, con- 
tions favorable to the growth of sphagnum, heath shrubs, and asso- 
ated coniferous trees. The largest and deepest of these deposits 
:cur in the northern part of the State. The climbing bogs of 
iine are described by Shaler** as follows: 

Although bogs are ordinarily formed beneatli lalce basins by the gradual 
owth of water-loving vegetation from their sides and bottoms, a process 
lich goes on until the lake may be converted into a normal peat swamp, there 
another way in which peat may be accumulated and which in certain regions 
i^es rise to very extensive bogs which were not formed in a water basin; 
Bse are commonly known as climbing bogs, and in one or another of their 
^eral forms they are widely disseminated. In high latitudes peat deposits 
B due to the growth in a luxuriant form of the common sphagnum. Starting 
the borders of a lake basin, the dense mass of branches of this plant will, 
the air be very moist, grow not only over the surface of the water but upward 
•m its level upon slopes which may have an inclination of 5* or 10°. As 
! lower part of the vegetable mat decays it forms a peat of ordinary quality, 
ich may graduaUy attain a thickness of many feet. In tlie process of growth 
^ highland morasses often extend into forests, where they gradually kill 
' trees, so that the region once wooded may become an open moorland. 
U eastern Canada, Newfoundland, and the Maritime Provinces, climbing 
58 of the type so common in Ireland and other portions of northwestern 
rope occur, but they lack the extent and depth of those In the Old World, 
thin the United States the only climbing bogs of a conspicuous character 
Ur In eastern Maine, but even there they are relatively unimportant except 
m a scientific point of view. Similar accumulations of a smaller sort 
med on decllvitiee may be noted in the more western parts of New Eng- 
d and in northeastern New York. Nowhere within the limits of the United 

' Bairtin, E. S., and Davis, C. A., Peat dcpoalts of Maine : U. S. Gcol. Survey Ball. 

K p. lis,. 1909. 

' Burr, F. F., Tho peat deposits of Maine : Public Utilities Commission of Maine Second 

». Bept, pw 71, 1916. 

^ Shaler, N. S., Origin, distribution, and commercial value of peat deposits : U. 8. Geol. 

*Y«gr Sixteenth Ann. Kept., pt 4, pp. 308 and 811, 1895. 
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States, 80 far 88 is known to the writer, are these high-lying bogs of other than 
scientific interest. 

Although some filled-basin peat is found in Maine, relatively few 
deposits contain only that kind. The deposit on the east shore of 
Pushaw Lake, about 8 miles north of Bangor, is one of the largest 
filled-basin deposits. In most places this type underlies built-up peat 

According to Burr ^ and Bastin and Davis,^ a total area of dO 
square miles of readily accessible peat 8 feet in average depth has beeo 
examined. These defKxsits are estimated to be capable of yielding 
48,000,000 short tons of air-dried peat However, in addition to tliis 
quantity, there are large bogs and swamps in the northern forested 
region as well as in relatively inaccessible southern areas that probably 
contain a quantity as large or larger. It is believed that the peatd^ 
posits of Maine would yield at least 100,000,000 short tons of air- 
dried peat. The following table *'' gives a brief description of the 
most readily accessible peat deposits in Maine. Analyses of the peat 
are given on pages 80-33. 

Peat deposits in Maine. 



Location. 



▲IfDROflCOOOIN 
COUNTY. 

East Uvennore 

Greene 

Lewiston: 

FamrellBoK 

No Name Bog.. 
Leeds: 

West of Center.. 

South of Center. 

North of Center. 



AS008T00K COUNTY. 

Bancroft 

CrystaL 

Do 

SquaPan 

Bancroft, east of 

Do 

Wytopitlook 

Uoulton, southwest of. 
Sherman 



CUMBERLAND COUNTY 

Brunswick, College 

Bog. 

GapeJSlisabeth 

Falmouth 
Sebago, 

River. 



Northwest 



HANCOCK COUNTY. 

Bucksport, Mod Pond. 
NiooUn 



Dis- 
tance 
from 
rail- 
road 
(milee). 



Floral condition. 



3 
1 

2 
3 

2 
2 
1 



2 
2 
1 
1 

Near. 

Near. 

Near. 

Near. 

Near. 



Forested 

Open heath. 



.do. 
.do. 



. .do. 
..do. 
..do. 



5 
8 



5 
I 



Cedar swamp. .. 
Partly wooded.. 

do 

Denaely wooded. 

Open heath 

C«larswam] 

Wet 

Open heath. 

Partly wooded. 



Shrubby heath. 



Part wooded. 

do 

Swamp. 



Open heath . 
....do 



Open heath. 




FRANKUN COUNTY. 

ChesterviUe 

•Burr, P. P., op. clt 

«• Baatin^ R. 8., and DaTis, C. A., op. clt. 

« Burr, F. P., op. dt.. pp. 73-75. 



Area 
(acres). 



300 
160 

130 
125 

100 

200 

2 



200 

100 

60 

200 

100 

100 

150 

30 

50 



160 

100 

85 

600 



20 
12 I 



300 



Average 
depth 
(feet). 


Quantity 
ofalr^dried 
peat avail- 
able (short 
tons). 


10 
6 


600,000 
250,000 


15 
15 


400,000 
400«00U 


4 

15 
20 


80,000 

600,000 

8,000 


2(T) 
5 
9 
2 
10 


Uttle. 
100,000 

25,000 

Little.(r) 
200,000 


2 
(7) 




4 

7 


25,000 
70,000 


3- 


Little. 


10 
15 

(7) 


225,000 

250,000 

(T) 


10 
10 

• • 


40,000 
25,000 


6 


300,000 



Remaifcs. 



Notpranising- 



'S^ 



lAKaluse 



Peal 4epoHt* in Jfafaa— Goodnaea. 



ss-.^ 


!- 










rPood 

olpmd.... 








"""■ 




ICOCMTT. 
out Of 


J 






TT OOBMTT. 


6 














™>»B 




,weMoI.... 


S 


, Puflh.w 




DIBCOVNTT. 


N»r. 



Dortb of. . . . 
wutheutVr 



uoniTwoaiM 

npmbHlli — 
OpcnhHih..., 
PanwoodM... 

Opcnhsalb — 

Partly open..., 

Oiwnhislli..., 

Oxtmbae 

Opeohwlti.... 






iahallaw tngs. . 



Largely voodad.. 
Paniy wooiiai... 
Largdy cai«n — 

Viriabli'.""!!" 



Largiiywi 



Partly wDodM... 

OptntMathJl''.. 

'.'.'.'.'.ia'.'.'.'.'.'.'.'.'.'.'. 
Openroosa 

Oristj njartii 

Open men 



ISO. on 



Dou^tluL 



Imporo, elajiy. 
Poor qnality. 



ffiiSS 






,& 






Frobably more. 


taz 

MO, own 

'•Si 

MO, 000 

30,000 

iTOoiooo 


MO, 000 




3ea,im 


Micbt Tl«M soma 



B«t in ttia Slate. 
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Ptmt 4epo$ii9 *• Mminte—dmnnmeA, 



Dto- 



from , 



Joonboro: 

WhitneyTflle 

PflBdCove 

Roque's Blnir.... 

Black JEted 

JooMport, cMt oL 

JooMport, north of. . . 
Lubee: QaoddjHeMi 
Ptmhrokc 

Ajen Jiinrtlon... 

Do 

Fans Point 

Perry 

Trpvoct, south of 

Vanrwhoro, wiat of N< 

Danforth, weft of K 



Near. 



n 

7 



Near. 
Near. 



Open mosB...... 

...rdo 

Open heath 

.....do 

.....do 

.....do 

OpeDt vafvcut. 



OpeDHHH^ 



Open 
Open 

Open noes. .... 

PartlTopen 

Larfd J wooded 



A 



I)-' 



IS 



I 



(feat). tabbCriiort 



avail- 
he 

1). 



8 

I 
5 






15, OM 
M.O0D 



140 


1ft 


» 


ft 


3S 


10 


10 


ft 


160 


ft 


500 


10 


an 


•(D 



10,000 



6,000 
S0,000 

1,000,000 
"^,000(T) 



NEW HAMPSHIRE. 



Chesliire, Hillsborough, Hockingham, and Sollivan oonntieB 
contain the largest and most valuable peat deposits in New Hamp- 
shire. Some peat is also found in Belknap and Coos countitt 
Although there are a few salt-marsh deposits on the coast, notiUj 
near North Beach, Greenland, and Hampton Beach, most of the 
peat originated in fresh-water basins. The deposits of New Hamp- 
shire are estimated to be capable of yielding IfiOOflOO short tons of 
nir-dricd peat, a quantity much less in proportion to the size of the 
State than is found in the other New England States. This condi- 
ti(m is as<!ribed to the roughness of the land surface and to the lack 
of extensive poorly drained depressions. 

0HS8HIBS OOirVTT. 

Locality 1. — A deposit 1 to 1^ miles south of East 3%.1lTey contains 
about 50 acres of peat, 6 feet in average thickness, and should yield 
approximately G(),0()0 short tons of air-dried peat. (See fig. 15.) The 
vegetation consists chiefly of spruce, tamarack, and maple trees, 
heath shrubs, blueberry, sedges, and grasses. A series of test borinp 
mivr the following results: 

ThivknvnH of peat in ieni horhiffs A and B in deposit south of East Jaffrcy, V.B. 

Feet 
Hole A, iiorUienst comer of deposit, a short distance south of 

wti^oii n)ad: Brown woll-d*»conu)08ed soft plastic peat, con- 
sisting; rliicfly of the remnins of sphafoinm and heath slirubs 
iMit rontaininf? Home woody roots, stumps of trees, nnd small 

spruce nnd <'e<Iar lojrs 6 

ole B, about 500 yards southwest of hole A : Peat similar in 
structure to that found in hole A OJ 
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4X8it« sample (see analysis 7, p. 43) obtained b; taking 
ttteirals of S feet in depth in each teet hole indicates that 
miglit make good fuel. 

iy 2. — A deposit about 1 i miles south of East Jaff rey and one- 
l a mile west of Contoocook Pond, which is largely covered 
Mr as a consequence of the damming of Contoocook Biver, 
an average thickness of abont 3 feet of peat near its eastern 
(See fig. 15.) The dominant living vegetation con^ts of 
ad tamarack trees, heath shrubs, the blaeberry, and sphag- 
is. Scane of the aphagnum is of the large leafy variety and 
Ee for use in surgical dressings. Two test borings gave the 
I results: 

of peat in teal boHtvi C and D fn depotit muth of Ea»t JAffnv, If. B. 



e Ci at roadelde Id coiter of narrow arm of bog ozUoding 
lattvard toward Contoocook Pond : Brown fibrous peat, com- 

Dsed of the rMnaini of iphaftmim and taenth shrubs 3 

a D, 40 TBTda weat of &ole C : Brown flbrotu iieat S 

posite sample (see analysis 8, p. 43) was obtained by mixing 
en at intervals of 1 foot in 
eaeh hole. Although good 
ht be made from the peat, the 
s too shallow for commercial 



ty S. — A small bog about a 
of a mile east of Chesham 

shown on the map of the 
xk quadrangle published by 
ed States Geological Survey. 
I of the bog is about 25 acres, 
average depth of the peat is 

feet. The peat is of good 

but the deposit is too small 

mercial use. A large quan- 

sphagnum was observed at 

lity. 

ty i. — ^Tenant Swamp, about 

orthwest of the railroad sta- 
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FioL'BB IS. — Hsp of peat depoilts 
Dear Eut JiSrey, CbcMilre Cauntr. 
N. H., Bhowlng approzliiiate posi- 
tion of t«tt borlDsg foi peat. 



Keene, occupies the bottcoo lands along Ashuelot River 
Bnsely overgrown by maple and pine trees and underbrush. 
jnp is shown on the nwp of the Keene quadrangle, published 
Tnited States Geological Survey. A few scattered tamarack 
oe tien and 8om« sphagnum moss grow in the wetter partaofl 
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the ares. Althouirfi namerous borincs wm made, bd TmlublF pot 
was found. A "liaUow depoeit of black mock eoren the nrfan in 
fmiM pbu»-, hnt there U pncticallr do jutuuiulirioo of pimot lantint 
in a large part of the area. 

Miix«Mn«vaM oev>TT. 
ZtOealUy 5. — A bc^ about 1 mile aoutbeast of Pananuh. oa the 
north ride of the Boeton A Maine Bailroad tracks, is probably about 
150 acres in area and contaisE ■ 
deposit of peat 9 feet in annge 
dcpthf so that it sboold rield tp- 
proximately 270^000 ehort tons of 
air-dried peat (See hg. 16.) Tlw 
Untig vegetation consists chiefir of 
heath shmbs. sphagnum and polv- 
tiichum moss, sedges, cotton grass, 
and the blu^ierry. Small sprun 
trees were mce numerous, but the; 
no longer contribute notably to Uk 
formation of peat. Althou|^ ^)hig- 
num moss is present in great qsao- 
tities in this locality^ it is not 
FiMtac i».— ii«p of ptat dcpoura Mar suitable for sutcical dressiniis. It 

IMDnnab.IIIIIidMraafh County. N.B^ • ., t_ i . — --o 

aumins ■ppfoiioMW potiuoD ot iDi^t. however, be useful for pan- 
iMt borintii for i)»ai. jj|g materia (^ stable litter. A 

series of test borings gave the following results: 

TkicknetK oi peat in te»t horingt D, E. awf F, In boff MMlMMf of PonmwA. H. 8. 

Feet. 
Hole D, Bouth end of dqN»lt, about SO yardi nortb of the Bos- 
ton & .Maine Railroad trackx: Dark-brown weQ-decompoeed 
Hoft plastic peat, coatalnlng the remaliu of aiiliagntUD, 
heath KhrubH, and oedices, aliuost structurelesa near bottom. 81 
Hole E, about RO yards oortbeaat of hole D along a line thnnif^ 

center of bog: Peat similar to that In hole A, locality 6 SJ 

Hole F, no yardn northeaFct of hole E: Peat slmllnr to that la 

holeM A unci B, locnllty 6 9 

A compoeit* sample (analysis 3, p. 43) consisting of peat taken it 
intervals of 2 feet in depth from each hole, shows the peat to be of 
good quality for fuel or fertilizer. This bog could be easily draiued. 
LortUitp 6. — A bog east of Ponemsh and north of the tracks of the 
Boston A Maine Railroad contains an open-meadow deposit coiiEist> 
ingof pond peat overlain by built-up peat (See fig. 16.) The bog is 
nbout 100 acres in area, and the peat is 16 feet in average thickness. 
The <)epOBit appears to be capable of yielding approximately 840,000 
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short tons of air-dried peat and muck. The living vegetation con- 
sists chiefly of grasses, sedges, ferns, sphagnum, and polytrichum 
moss. A series of test borings gave the following results : 

Thickness of peat in test borings A, B, and C in hog east of Ponemah, N, H. 

Hole A, about 150 yards from west side of bog, near drainage 
ditch : l^eet 

Black muck 1 

B^o^^^l rather fibrous grass-edge peat 3 

Fibrous woody peat ^ 

Brown well-decomposed soft plastic peat 8i 

Thoroughly decomposed peat 2J 

Qray fine-grained soft pond peat, somewhat clayey 2 

Hole B, about 160 yards east of hole A, near drainage ditch : 
Muck and peat similar to that in hole A 18 

Hole C, about 150 yards east of hole B, near drainage ditch: 
Muck and peat similar to that in holes A and B 17 

A typical sample (see analysis 4, p. 43) was obtained by mixing 
muck and peat taken at intervals of 2 feet in depth from each of the 
test holes. This sample contains a large proportion of ash, a condi- 
tion that may be due to the clayey material from the bottom of the 
deposit or to inorganic impurities mixed with the peat in the excava- 
tion of the drainage ditch along which the test holes were made. The 
upper layers of the peat probably contain less ash than is shown by 
the analysis, and they may be suitable for fuel. This bog adjoins 
a railroad, is practically treeless, and could be easily drained. The 
peat in the upper portion of the deposit appears to be of good quality 
for fuel or fertilizer. 

Locality 7. — A bog between the wagon road and the tracks of the 
Boston & Maine Railroad about 1 mile south of South Milford, which 
is shown on the map of the Milford quadrangle published by the 
United States Geological Survey, lies in an open meadow overgrown 
chiefly by sphagnum, cotton grass, sedges, the cranberry, and poly- 
trichum moss. The sphagnum, much of which is of the large leafy 
type, suitable for surgical dressings, is dominant. A series of test 
borings gave the following results : 

TkickneMS of peat and muck in test borings in bog near South Milford, N. B. 

Fteet. 

Hole A, near east margin of bog adjoining wagon road: 
Brown, partly decomposed peat, made np of sphagnum, 
grass, and sedge remains, underlain by sand 1 

Hole B, west of hole A, in center of bog: Muck 1 

Analysis S (p. 43) shows the composition of a sample obtained 
from the two test holes. 
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Locality S. — A large swamp extends southwest from the railioid 
station at Greenfield for a distance of about 2 miles. Locality 8 
includes an arm of this swamp about an eighth of a mik west of 
Greenfield. The total area of the swamp, which is shown on the 
map of the Peterboro quadrangle published by the United States 
Geological Survey, is about 640 acres, but the area of the small inn 
included in this locality is only about 20 acres. In earlier years the 
entire swamp was covered by a dense growth of trees, but the aret 
designated locality 8 has been cleared of trees and is overgrown by 
grasses, sedges, sphagnum moss, and the blueberry. The Gphagnum 
is not well developed. Several test holes were put down along a 
line through the center of the locality, and a representative sample 
was obtained. The deposit is only about ^ feet thick where tested 
and the peat as represented by analysis 6 (p. 43) is of poor quality 
for fuel. Although the peat is deeper in the center of the swamp, 
that portion is covered with so dense a growth of large trees and 
underbrush that it could not be profitably cleared for the production 
of peat. 

Locality 9. — ^Locality 9 includes another arm of the swamp netr 
Greenfield in which locality 8 is situated. The area consists of 
about 10 acres adjoining a road that extends southward from Green- 
field. The living vegetation consists chiefly of sphagnum, sedges, 
and grasses. The average thickness of the peat, which is fibrous, 
silty, and unsuited for fuel, is only 2 feet. 

BOOXIVOEAIC OOUVTT. 

Locality JO. — A salt marsh which adjoins Great Bay, about 1 mile 
northwest of Greenland, and which is shown on the map of the 
Dover quadrangle, published by the United States Geological Sur- 
vey, covers about 640 acres. Three test holes were put down in the 
marsh at intervals of about 100 yards, starting about 200 yards north 
of the tracks of the Boston & Maine Ballroad. The deposit con- 
sists of gray soft clayey material, containing the undecomposed re- 
mains of marsh grasses. A strong odor of hydrogen sulphide was 
noticed when each hole was put down. The average thickness of 
the deposit is about 9 feet. At a depth of 7 feet a thin layer of 
logs and pieces of wood was encountered. The wood was well 
decomposed and soft and was easily penetrated by the sampling rod. 
Analysis 1 (p. 43) shows that the deposit contains muck and is too 
impure for economic use. 

Locality 11, — Packer Bog, about half a mile south of Greenland, 
which adjoins Packer Brook, is overgrown by maple, poplar, and ash 
trees and contains from 6 to 8 inches of black muck. A little sphag- 
num moss was seen, but it appeared to be unsuitable for surgical 
dressings. Xo valuable peat was found and hence no samples were 
taken. 
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Loedlity it.-^rwt B<^, about 1 mile northeast of Greenland sta- 
tion, is similar in character to Packer Bc^. 

Loetdity 13. — In eij^ht small marshes south and southeast of Ports- 
mouth no valuable peat was found. 

Locality 14- — Hampton Marsh is an extensive salt marsh along the 
coast of New Hampshire in the vicinity of Northampton, Hampton 
Beach, and Seabrook. It is several square miles in area, and the peat 
where tested ranges in thickness from 1 to 15 feet The deposit is 
a typical New England salt 
marsh containing impure peat 
and muck. The peat is of no 
economic value. 

Locality 15. — A deposit on 
the Boston & Maine Railroad 
near Powow Station, which is 
shown on the map of the Hav- 
erhill quadrangle, published by 
the United States Geological 
Survey, is covered with deep 
water and the peat is inaccessi- 
ble without extensive drainage. 
Locality 16. — Spruce 
"Swamp," cast of Fremont, is 
about 640 acres in area, but not 
more than SOO acres is covered 
with workable peat. (See fig. 
17.) The peat where sampled is 4 to 5 feet in average thick- 
ness and is underlain by sand and clay. If there are 200 acres 
of peat 4 feet in average depth, the deposit should yield about 
160,000 short tons of air-dried peat. The living vegetation consists 
of small broad-leafed trees, heath shrubs, sphagnum, and polytri- 
chum moss, and other small plants. Much of the sphagnum moss 
mig^t be used for surgical dressings. A series of test borings gave 
the following results : 

TMeknew of peat in Spruce Sicatnp, cait of Fremont, N. H. 

Feet, 

Hole A, at Dortb end aboat 200 yards eaxt of point where ralt- 
TOed track crouea stream fiowlng tbrouich bog: Brown well- 
dacotniMMed soft plastic sphagnom peat, containing a few 
roobi and pieces of wood 4 

Hole B. about 100 yanln southeast of hole A : Peat similar to 
tbet found In hole A __ 5 

Hole C, about 100 yarilH soutlieast of hole B; Same chnriicter 
of material as that In hole B. 

Hole D. abont 100 .vanlx nnntheant nf hole O: Peni sliiillur to 
tbat found In holo A 4 
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PiatntB 17. — Map of Spruoe Swamp, RocklDg- 
ham Comity, N. H., iholrltiK ■pproilmate 
position uf tosi boringB Tor peaL 
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A composite sample (analysis 2, p. 43) was obtained by oombining 
samples of peat taken at inter\'als of 1 foot in depth from each of the 
four test holes. The deposit appears to contain peat of good quality. 
but it is doubtful, on account of surface conditions, whether peat 
could Ije economically produced. 

oTHn connzi. 

Other small deposits are known in Belknap, Coos, Merrimact 
Strafford, and Sullivan counties, but only a few of these contain peat 
of pood quality for fuel or fertilizer. It is reported that peat fuel 
has Ijeen made and sold from a small bog near Hooksett, Merrimack 
County, but the deposit is not now worked. 

\'ERMOXT. 
OEVEKAL EEATUmSB. 

Despite the mountainous surface of a large part of Vermont, the 
State rontaiiLs numerous widely distributed peat deposits of all types 
except those found in salt marshes. The deposits that offer the most 
promising |K>ssibilities of development are those in Bristol Pond 
and Shoreham Swamp, Addison County; near South Burlincrton. 
Chittenden (.'ounty: PVanklin, Hi^hgate, and Richford, Franklin 
County; and Xoith Hero, Isle la Motte, and South Hero, Grand Isle 
County. Other lar<re areas of peat are found in these counties as 
well as in Orleans and Windham counties. It is estimated that 
HJHWXH) shfirt tons of air-dried peat could be obtained from the de- 
posits in Vermont 

The localities described below were tested for peat dniing flie 
progress of the (iehl work upon which this report is baaed. Other 
detailed data relating to the peat deposits of Vermont may becon- 
snlted in a report issued by the Vermont Agricultural Ezperiment 
Station."* 

ADDISOK COUKTT. 

Locality 1. — A large swamp on the west side of Otter Creek, about 
1 mile west of Salisburj^ which is shown on the map of the Brandon 
quadrangle, published by the United States Geological Survey, is 
about 2 Hjuare miles in area and the deposit is 10 feet in avenge 
thickness. I'he material in the upper 3 feet and the lower 2 feet 
is not suitable for fuel. If the average thickness of the p)eat suitable 
for fuel is 5 feet, the bog should yield about 1,280,000 short tons of 
air-dried machine peat. The dominant living vegetation consists 
of cedar, re<l maple, poplar, birch, and oak trees. A series of test 
holes gave the following results: 

**Tlic poQt. and muck deposits of Vermont: Vermont Agr. Kxper, Sla. Bull. 105, 1912. 




A. BRISTOL POND. ADDISON COUNTY, VT. 




B. SPBUCE-8l*HAr.NUM BOG l>N THB SIKlBR OF ItRISTOL l-OND. 

TiiE Evolution ok a Pkat Bog. 
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hog of test horingM m awamp on Otter Creek, 1 mUe wett of SalUhury, Vt 

Hole A, midway between east edge of d^Kxsit and center, be- 
side the wagon road extending westward from SaliiEft^nry : Feet. 

Black mack and vegetable mold 8 

Brown peat ^ 7 

Oreen soft pond peat 1 

Hole B, beside wagon road at center of deposit: 

Black muck 3 

Brown peat 8 

Oreen soft pond peat 1 

Hole C, at roadside midway between center and west edge of 
deposit : 

Black muck S 

Brown fibrous peat 4 

Samples were taken from each of the test holes at intervals of 2 
t in depth, beginning 3 feet below the surface and extending to 
pond peat at bottom, and were mixed to obtain a typical specimen 
the workable peat Samples of the overlying black muck were 
:> taken. Analysis 9 (p. 49) shows the quality of the workable 
X and analysis 9a that of the muck. 

\,ocality £. — ^A deposit east of locality 1 in an open meadow, which 
} once densely wooded, is about 800 acres in area and contains 
.t 2 feet deep overlain by about 3 feet of black muck. The land 
face is only a few feet above the water level in Otter Creek and 
herefore subject to overflow during periods of high water. The 
ng vegetation consists chiefly of grasses, and the peat is brown, 
I-decomposed, and plastic and contains considerable silt. One 
: hole was put down midway between Otter Creek and the eastern 
^ of the wooded portion, beside a wagon road extending west- 
rd from Salisbury. Analysis 10 shows the composition of fhe 
iple taken from this test hole. The deposit consists chiefly of 
ck and peat that is too shallow and too silty to be used for fuel. 
'locality 3. — A bog west of Bristol Pond (see fig. 18) contains 
mt 500 acres of peat that ranges in thickness from 5 to 18 feet 
the average depth of the workable peat is 6 feet the deposit should 
Id 600,000 short tons of air-dried peat. This locality is a typical 
larack-spruce-sphagnum bog formed on the western shore of 
Lstol Pond, the remnant of a large lake. The dominant vegeta- 
d consists of tamarack, spruce, and cedar trees, shrubs of the 
th family, and sphagnum moss. Sedges, grasses^, and ferns are 
^ abundant. The floating mat of vegetation near the shore of 
istol Pond indicates the manner in which the outlying bog was 
med. (See PI. XIV, A and B.) From the surface to a depth of 
o 6 feet the peat is made up of dark-brown to reddish-brown 
*ous, slightly decomposed renuuns of sphagnum moss. The under- 
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lyint; peat is soft, plastic, and well decranposed. Two test holes gin 
the following reeults : 

lAiga of te*l bor(np« (k bog unt of Biialol Pomd, AMUom Comty, Tt. 

Hnlf A, nililwa}r bf^ween west centrml tnugbi of pond and west 
Mlge nf bog: S>ei. 

Dark-brown flbrotut ephagnuin pemt ft 

OreenUb soft pond peat 7 

Hi>lf U, oue-fourtli uf it luUe aoDtb of bole A: 

Dark-brown flbroaa qibagnnm peat D 

(•n-<>nlBb soft pond peat 7 



Analysis 11 (p. 49) represents a compgatte sample fn»n the upper 
part of the deposit, which contains hrown fibroos sphagnum pot 
It indicates that this peat is 
suitable for fuel or f ertilim. 
Analysis 11a shows that the 
onderlying pond peat con- 
tains too mach ash for us 
OS fuel- 

Looaiity 4. — A hog south 
of Bristol Pond (see fig. 18) 
contains peat similar to that 
in the bog west of BriBt(d 
Fond at locality 8, but not 
BO deep. Holes C and D, 
put down near the south 
shore of the pond, gave tlu 
following results : 
Log of teit tforitio* in hog «o«llt 
of Brittol Fond, AiMmm 
Camttv. Vt. 

Brown flbrona spnagnnm 
peat B 

Oreentsb soft flDe-fralDcd 
pond peat 3 

Analysis 12 (p. 49) ehovs 

the character of a composite 

sample obtained by mixii^ 

peat taken from these bor- 

p,™.. , B^M., or „, bo„ .™r Bri.». p.M i»«». U Ao^ ttjl the pert 

and poDii Brouk, Adtitaod L'DODtr, Vt., atunrtBg may be Valuable for fuel <v 

approximntr i«>sitioD of t.^t boring for pwt. fertiliser. Although tiw 

Bristol boft is one of the largest and best peat deposits in VermonL 

it is not vory well situated with respeot to transportation facilities 
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i maiket and wonld be difficult to drain. Sphagnum moss, some 
which ifl suitable tor surgical use, is very abundant in this locality. 
LocaUiy 5. — A bog about 1 mile northeast of East Monkton (see 
. 18) omtains a deposit irhich was not tested, but it is reported to 
itain peat 6 feet deep similar in character to that which snrrounds 
! Bristol Pond. The area of this deposit is about 160 acres, and 
the average thickness of the peat is 6 feet the deposit is capable 
yielding approximately 193,000 short tons of air-dried peat. 
locality 6. — A bog about 3 miles east of Monkton and 1 mile north 
East Monkton (see fig. 18) contains about 250 acres of peat, which 
reported to be 5 feet deep and to be similar in quality to that 




lich surrounds the Bristol Pond. If the average thickness is 5 
et the bog should yield about 250,000 short tons of air-dried pest. 

OKITTEVDBV OOVVTT. 

Locality 7. — A marsh about 1 mile south of Malletts Bay and 5 
lies north of Burlington, which is shown on the map of the Milton 
Adrangle, published by the United States Geological Survey, forms 
1 open grassy meadow, about 640 acres in area, used for grazing. 
le Burface is covered with black muck from 1 to 3 feet deep, but no 
luable peat was found. 

LocaUty 8. — A deposit near Porter Point, about 7 miles northwest 
Burlington (see fig. 19). which is ci-ossed by the tracks of the 
titland Railroad and is skirted on its south side by a wagon road, 
18 formed by the filling of an arm of Lake Champlain. It is 
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about 160 acFBB in area and 12 feet in average ttucknesB and ahoold 
yield approximately 416,000 short tons of air-dried peat. The li?- 
ing vegetation consists chiefly of tamarack, black spruce, and oedir 
trees, and heath shrubs, ferns, grasses^ and sedges. The peat Taries 
in texture from fibrous to plastic and is made up chiefly of the 
remains of sphagnum, heath shrubs, grasses, and sedges. Two test 
holes gave the following results: 

Logs of tent horingn ki bog near Porter Foini, about 7 nUleM northwett of 

Buriingtim, VI. 

Hole A, In center of deposit, about 16 jrards east of raUroad 
track : F^et 

Fibrous brown moss and grass peat 8 

WeU-decomposed to plastic pond peat 6 

Hole B, opposite hole A, about 15 yards west of railroad 
track: 

Fibrous brown peat .*- S 

Soft plastic fine-grained pond peat 5 

Peat was taken at intervals of 2 feet in depth from each hole tnd 
mixed to obtain a composite sample. Analysis 18 (p. 49) gives the 
composition of this sample and shows that the peat is low in ash 
and high in nitrogen and therefore might be used for fuel or 
fertilizer. 

Locality 9. — ^A marsh at the mouth of Lamoille Hiver, which is 
shown on the map of the Milton quadrangle published by the United 
States Geological Survey and which is about 800 acres in area, was 
formed by the overflow of water from Lake Champlain and La- 
moille River. The depth of the water ranges from 1 to 3 feet during 
most of the year. Cat-tails, reeds, grasses, and amphibious sedges 
are the dominant forms of plant life. Black muck from 1 to 3 feet 
thick was found. Analysis 14 (p. 49) gives tlie composition of a 
sample of this muck and shows that, although valueless for fuel, it 
may be of some value in agriculture. 

ntAVXLUr OOUVTT. 

Locality 10. — ^A large marsh and swamp about 2 miles southeast 
of Lakewood is shown on a map of the St. Albans quadrangle pub- 
lished by the United States Geological Survey. The margin of the 
deposit is overgrown by trees, and the interior is a large open marsh, 
covered with standing water from 2 to 5 feet deep. The marginal 
vegetation consists chiefly of red maple trees, and the open marsh 
is overgrow^n by cat-tails, sedges, and grasses. The outer forested 
zone contains no valuable peat. The peat in the open marsh, which 
is about 500 acres in area, was inaccessible at the time of the writer's 
visit, but the area is said to contain deep peat of good quality. If 
the average thickness of the peat in this area is 6 feet, the deposit 
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should yield 600,000 short tons of air-dried peat. As drainage would 
be difficult the deposit is not a promising one for the production of 
peat. 

Locality 11. — ^A swamp and marsh at locality 11 on the east side 
of Missisquoi Biver contains no peat in the outer zone, but the 
interior was not tested because of excessive surface water. 

Locality IS. — ^A deposit on the Willard farm, about 3 miles from 
Franklin, which is about 5^ acres in area, has been used by John 
Webster, of Franklin, Vt., for the production of peat fuel. In a 
report by the Vermont Agricultural Experiment Station *• the gen- 
eral features of the deposit and of Webster's early experiments are 
described substantially as follows: 

As indicated by the excavation the peat is black in the upfier layers, brown in 
the center, and dark brown at the bottom. The deposit is about 6 feet deep and 
overUes a bed of shell ** marl.*' The drainage ditches, which were 7 to 8 ftet 
wide and q;)aced at intervals of a few rods, were made by Webster in return 
for the peat excavated. It was found that when the peat was disintegrated 
and molded, it dried much sooner than cut peat. The first year he sold $50 
worth of peat .fuel, but the next year he was unable to market this quantity 
because his customers found that the ash pan in the wood stoves used by them 
was not large enough to hold the ashes that accumulated in even half a day. 

The following analysis shows the composition of the peat of this 
deposit: 



M 



Analysis of moisture-free sample of peat from deposit near Franklin^ Vt^ 

Fixed carbon and volatile matter 88. 41 

Ash 11. 59 

Carbon 51. ©3 

Hydrogen 4. 92 

Oxygen and sulphur 29. 46 

Nitrogen 2. 10 

Heating value: 

Calories 4, 977 

British thermal units 8,959 

OBAHD ZSLE OOUVTT. 

Locality 13. — A swamp that extends from South Hero about 1 mile 
southward along the Rutland Railroad (see fig. 20) is overgrown by 
maple, elm, and oak trees. Although the surface is covered by about 
1 foot of black muck, the area appears to contain no valuable peat. 

Locality H. — Pearl Swamp, which extends about a mile southward 
from Grand Isle station (see fig. 20), is about 500 acres in area and 
is overgrown by maple, elm, butternut, and other trees. Although 
there is from 6 to 18 inches of black muck on the surface there 

* Edlls, J. Lk, and HoUittcr, F. M., The peat and mack deposits of VermoDt : Vermont 
Agr. Ssper. Sta. Bull. 165, pp^ 186-187, 1912. 
•• Hill0» J. Ur and HoUister, F. M., op. cit, p. 200. 
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appears to be no valuable peat in this swkmp. Anfllysu 15 (p. 4)' 
hUows the quality of the muck. 

Locality 26. — A swamp vhich extends a mile northward fm 
North Hero station is densely overgrown by maple trees and ip 
pears to contain no peat of c<mimercial value. 




riaomx 20. — Map (hoalae 



Locality 16. — A large sphagnum-spruce bog that extends nor 
ward and southward from Isle La Motte station (see fig. 21) o 
tains a deposit of peat about 1,000 acres in area and 11 feet in af 
age thickness, which should be capable of yielding about 2500^ 
short tons of peat. The peat, which is composed chiefly of the 
mains of sphagnum, heath shrubs, sedgee, and grasses, is well 
composed, plastic, and of homogeneous texture except the up 
layer, which is fibrous. The dominant vegetation consists of spr 



1 tunsimck trees, heatli ^nibs, and ephagDum. Much of the 
isgnoin is suitable for surgical use. A series of test borings 
re the f oUowing results : 

Lofft of teit borings in bog near iBle La, Hotte station, Tt. 

Hole A, 100 ykrde wnt ot esiit edge of deposit, nn south ilde 
of road: F^t. 

Brown fibrous sphagnum moas, slightly decomposed 2 

Brown flbrous sphagnum peat 



Dark-brown well-decomposed, soft plastic peat B 

Hole B, halfway across bog near roadside: 

Brown fibrous sphagnum moss 2 

Brown fibrous sphagnum peat 2 

Dark-brown well-dscomposad, soft plastic peat S 

Hole C, near roadside, 100 yards west of hole B: 

Brown fibrous spJiognum moss 2 

Dark-brown sphagnum peat— 



Dark-brown well-decomposed soft plnstfc pest— 
Llgbt-brown plastic gras»«edge peat 



Analysis 16 (p. 49), which shows the character of a composite 
nple of peat taken from these holes, indicates that the peat is 

good quality. The Isle La 
3tte bog is the largest and best 
Bt deposit in Vermont, is well 
ated, and could be readily 
lined. 
Locality 17. — A swamp about 

miles south of Alburg (see fig. 
) occupies a flat, undrained area 
it is densely overgrown by ma- 
> and elm trees. There is no 
luable peat in the swamp, 
mgh the surface consists of 
ick muck. If drained and 
ared the land might be of 
^cultural value. 
LocalUy 18. — A swamp about 
(XK) acres in area begins about 
nile nortBwest of Alborg and 
ends westward along the shore 

Lake Champlain to Wind- 
1 Point and Kelly Bay. (See 
22.) This swamp, which 
skirted on the ooutii by the 
eka of the Rutland Bail- 
d, is densely overgrown by maple trees. It appears to contain 
peat. 




Fiauis 21. — Map of bof near lale La 
HottP station. Grand file Coant;, Vt., 
■howlDK approsliiiate poslttoD of test 
batlngii for pmt 
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Locality 19. — A deposit about 1^ miles east of Albur^ (bw fig. 2S) 
is about half a mile vide and 4 miles long and extends along both 
sides of Mud Creek from its mouth at Ransoms Bay, northward into 
Canada. It is crossed b; the tracks of the Central Vermont Railway 
about n mile north of the mouth of Mud Creek. The area is aver- 
grown by cat-tails and trees and is frequently flooded by Mud Creek 
The peat is dark brown and well decompoeed and consists chiefiy of 
the remains of marsh grasses. A series of test borings gave the 
following results: 

l.oa» of teat borinfft in depotit H nUJea east of Alburg, Vt. 

Hole A, SO Tarde oortb of railroad tracks and 100 Tarda vest 
of creek: Brown illtT well-decoropow c d peat, overlain by 6 
Inches of black mnck and underlain by clay 5 

Hole B, SO yards nortli of railroad track and 100 yards east 
of creek : Peat almllar In character to that foand In hole A_^ 5 

A composite sample was obtained by mixing peat taken at inter- 
vals of 1 foot in depth from both holes. Analysis 17 (p. 49) pTSS 




the composition of this sample and shows the peat to be low in ash 
and high in nitrogen and therefore to be well adapted for use either 
as fuel or fertilizer. 
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BVTLAVD OOVVTT. 

Locality 90. — ^A spruce swamp about a mile southwest of Fair 
Haven is shown on the map of the Whitehall quadrangle published 
by the United States Geological Survey. The swamp is covered with 
a dense growth of spruce, tamarack, and cedar trees and scattered 
maples, alders, and willows. There is no valuable peat in this local- 
ity, and the black muck on the surface, which is only a few inches 
thick, is underlain by sand. 

Locality 21. — A swamp east of Fair Haven and north of Castleton 
River occupies the bottom lands of the river and is therefore annu- 
ally flooded by it Maple is the predominant growth. There is no 
peat in this locality. 

Locality ££. — Brandon Swamp, which is about 3 miles northwest 
of Brandon, between Otter Creek and the tracks of the Rutland Rail- 
road, is shown on the map of the Brandon quadrangle published by 
the United States Geological Survey. A dense growtii of maple, 
poplar, and birch trees covers the area. No valuable peat occurs in 
this locality. 

MASSACHUSETTSw 
eBVZXJU. IXATTntZS. 

Massachusetts possesses a larger quantity of valuable peat than 
any other New England State except Maine. The largest and best 
deposits are those in Essex, Middlesex, and Norfolk counties, the 
most notable being those near Norwood, East Lexington, Shirley, 
Littleton, Carlisle, Lawrence, Bedford, and Boston. Small cran- 
berry bogs also occur in Plymoutli County and in the Cape Cod re- 
gion, and salt marshes abound along the coast but the peat in these 
areas is of little value. Aside from the salt marshes, which were 
formed by coastal subsidence and wave action, the peat deposits of 
Massachusetts originated in glacial depressions and may be placed 
in the three classes described on pages 9 and 10. The most typi- 
cal fiUed-basin deposits are found in the western part of Middlesex 
County and the eastern part of Worcester County. The Great Cedar 
Swamp near Taunton, the meadows near Norwood, and the marshes 
adjoining Charles River near Boston are the best-developed built-up 
deposits. The deposits in Massachusetts are estimated to be capable 
of yielding 12,000,000 short tons of air-dried peat. The localities 
described below contain the largest and most accessible deposits in 
the State. Small and comparatively inaccessible bogs are well dis- 
tributed throughout the State, but, though valuable for local use, 
they are of little commercial importance. 

BKRKBEntS OOUITTT. 

Locality 1, — ^A deposit about 3 miles north of North Adams, which 
is owned by George W. Hall, is shown on the map of the Greylock 
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quadrangle, published by the United States Geological Survey. It 
is said to be about 25 acres in aies and from 6 to more than 25 feel 
in depth and has been partly cleared. The peat, vhich is of good 
quality, is being sold locally at $10 a ton. The deposit was not 
visited by the writer, but information and samples were supplied by 
the owner. Analysis 48 shows that the percentage of ash is only 9.14 
and that of nitrogen 2.62. 

zanix Avo Bwnout oorvnxi. 

Localiij/ 2. — Salt nuirshes near Eevere Beach, adjoining the moatk 

of Saugus and Pines rivers (see fig. 23), are several square miles in 

area and contain muck about 10 feet in average depth. The surface 

of these deposits, which were formed from salt-mar^ grasses, lies at 
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about high-tide level. The dominant vegetation con£dsts of salt- 
marsh grasses. The muck is very Qbrous and contains a large pro- 
portion of clay and silt. A series of test holes gave the foUowing 
results : 

Logt of teat hole* fn xiff manges near Rtven Bewch, Momh. 

Hole A : Peet, 

Brown nbmuR. aponer mucfc, ctntafnlnx 
plant remains 



Brown very flhroiix, fpontcy muck, contAlnlng nndecom- 

posed plant rcmalDS 3 

Brown soft plastic silty muck . 9 

GmylBh claycj' piastre mnck 2 



Uoto C: h'oet. 

Biown very flbtona, spongy muck, coDtainlng undeconi- 



posed plant remain b^^ 



Brown soft pUutlc atlty muck— 
OnrtsU clayey plastic mock— 



Holes D, E, and F : Mack Blmilar I 
that fonnd In boles A, B, and a 



character and depth to 



A compoeite sample (see analyBis 45, p. 34) obtained by taking 
nek at intervalfi of 2 feet in depth from .ea«h of the test holes 
ow the general cbemioal composition of the deposit. Analysis 
a (p. 34) shows the composition of the upper 3 feet. 
Locality S, — ^Wenham Swamp, in Topsfield, Wenham, and Hamil- 
Q, extends along both shores of Ipswich River. It is shown on 
e map of the ^]em quadrangle published by the United States 
sological Survey. Large elm, poplar, and maple trees are the 
imiuant plant forma. About 600 
res in the center of the swamp is 
'eriain by peat, the average thick- 
ss of which is about 8 feet. This 
iat is black, well decomposed, fine 
rained, soft, and plastic, and is made 
) chiefly of the remains of trees, 
uried twigs and pieces of wood are 
immon throughout the deposit. A 
impositfi sample (see analy^ 47, 
S4) was obtained by mixing peat 
vm the different test boles. Accord- 
g to the analysis, it would not make 
>od fuel. 
Locality L — ^A deposit near Mystic "^f" s*— u«p o( mst aeixxit near 

^7^ ., . , -^t t MjBtlc Pond, EsKi Coniitj, Maxa., 

and, about a mile west of Methuen Rhoving ■pproiimate msitioa of teat 
id 3 miles northwest of Lawrence ''°^«' *"' '*"■ 
ee fig. 24), is about 200 acres in area and 6 feet in average depth. It 
lould yield approximately 240,000 short tone of air-dried peat. The 
x-face of the deposit is overgrown by grasses, cat-tails, reeds, and 
dges and willow, alder, and poplar trees. The peat is of the built-up 
pe. A series of test holes gave the following results : 
LogH of te»t boring* fn dcpoalt near ^yatic Pond, tce&t of Melhuen, itats. 

Hole A: F»et. 

Dark-brown impure peat and black muck } 

Brown Bbrous peat 2) 

Brown well-decomposed plastic peat 5 

Holes B and G : Peat similar In character and dqjtth to that iii 
hole A. 

Hole D: Peat almilar In character to that In hole A S 

61085'— 22 12 
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The black muck on the surface is ascribed to the ash resulting from 

the destruction several years ago by fire of the upper layer of the 

peat No sample of this peat was analyzed The deposit could be 

readily cleared and drained, and the peat nii^t be used locally for 

fuel or fertilizer. 

iciDDLxssx oomiTr. 

LoadUy 6. — ^About 1^ miles north of Littleton statioa and 1 mile 
southeast of Spectacle Pond (see fig. 25) there is a typical flphagnum- 
heath bog 100 acres in area. The vegetation consists chiefly of heath 
shrubs, sphagnum moss, and tamarack trees. The bottom of the 
deposit could not be reached with a 15-foot sounding rod. It is esti- 
mated that this deposit would yield at least 300,000 short tons of lir- 
dried peat A series of test holes gave the following results : 

Logn of teat horinga in hog north of LUileton «(«fiom Mom, 

Hole A, near north edge of bog on a norUMKrath line through 
center : f>et 

Fibrous mat of sphagnum mo«8 and undecomposed heath 

shrubs 1 

Brown flbroos peat, consisting chiefly of the remains of 

sphagnum and heath shmbs 5 

Brown weU-decomposed peat 9 

Holes B, G, D, and E, spaced at intervals of a quarter of a mUe 
on north-south line : Same kiad of material as that obtained 
in hole A. 

A composite sample (see analysis 26, p. 34) of the peat in this 
bog was obtained by mixing peat taken at intervals of 2 feet in depth 
from each of the test holes. The peat seems to be of excellent quality 
for fuel or fertilizer. The ash content (4.04 per cent) is unusually 
low. Large quantities of sphagnum moss, some of which is suitable 
for surgical use, could be obtained at this locality. 

Locality 6, — A typical cat-tail marsh about a mile south of little- 
ton station, adjoining the south end of Mill Pond (see fig. 25), is 
about 100 acres in area, and the average depth of the deposit is 4 
feet A series of test holes gave the following results : 

Logs of test borings in marsh south of Littleton station, Mass. 

Hole F, about 25 yards west of the track of the Boston & 
Maine Railroad, on an east- west Une across the marsh a 
short distance south of its center: Feet 

Soft black muck i 

Dark-brown well-decomposed plastic peat 3i 

Hole 6, about 100 yards west of hole F: Same kind of 

material as that obtained in hole F. 
Hole H, about 100 yards west of hole G, near wagon 
road : Same kind of material as that obtained in hole F. 

A composite sample (see analysis 27, p. 34) was obtained by mixing 
muck and peat taken at intervals of 1 foot in depth from each of the 
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loles. According to the analysis the deposit is too impure for 
3 fuel, but the unsatisfsctoiy character of the sample is believed 
i due to the upper layer of muck. If this marsh were well 
led the peat could be used locally for fuel. It would be neces- 

howerer, to strip off first the top layer of muck. Farmers in 
locality are reported to have used peat from this deposit in 
er years. Fart of the deposit has been 
ed since the last peat was cut The deposit 
probably thicker at that time. The muck 
e surface may hare been formed by ash re- 
ng from the fire. 

•caUty 7. — A swamp adjoining Beaver Brook, 
t a quarter of a mile west of locality 6 (see 
25), is about 100 acres in area, is heavily 
ited, and contains black mnck. No valuable 

was found. 

verity 8. — A deposit north of Duck and 
p ponds, about 2 miles southeast of Groton, 

not examined bat is reported to contain 
[ peat. 

tcality 9. — ^A peat meadow adjoining Meadow 
>k, about 2 miles south of Lowell (see PI. 
, if, p. 186), which is skirted on the west and 
h by the Boston & Maine Railroad, is shown 
■M map of the Lowell quadrangle, published 
he United States Geological Survey. The 
■sit is about 400 acres in area and 4 feet in 
age thickness and should yi^d approximately 
KX) short tons of air-dried peat. The living 
tation consists chiefly of grasses and sedges. 

peat is firm and well decomposed and Ts 
red by black muck from 6 to 12 inches thick. 

muck may have been formed either by the concentration 
he ash in the peat by fire or by the silt and sand washed 
T adjacent streams. A series of test borings gave the following 
ts: 




FtUtTSB SB. — Hap ot 

peat depoBltB near 
Littleton and North 
Littleton (tatlona, 
Ulddleaex CoDnt?, 
Mau., sb owing ap- 
proilmatp posit ton of 
teat borings (or peat. 



Hole A, about 2S ;arda eaat of railroad track, near weet edge 
of meadow : FVet 

Black muck | 

Brown flrm, well-decomposed peat 21 
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Hole B, about 100 yards east of hole A: Mack and peat simi- 
lar in depth iind texture to that in hole A. 

Hole C, about 100 yards east of hole B: Muck and peat simi- 
lar in texture to that In hole A 4 

Hole D, about 100 yards east of bole C : Muck and peat simi- 
lar in depth and texture to that in bole A. 

Hole E, about 100 yards east of hole D : Muck and peat simi- 
lar in depth and texture to that in hole A. 

A composite sample (see analysis 29, p. 34) was obtained by mil- 
ing muck and peat taken at intervals of 1 foot in depth from esdi 
hole. By removing the overlying muck the peat in this deposit 
could be used locally as fueL 

Locality JO. — Tophet ^ Swamp,^ about a mile north of Carlisle 
(see fig. 26), is about 450 acres in area, and the deposit is 4 feet in 
average thickness. It is overgrown by plants of many specieBf 
notably sphagnum, grasses, sedges, the cranberry, shrubs, and trees. 
The peat, which is dark brown, firm, and well decomposed, is over- 
lain by black muck of recent origin from 6 to 10 inches thick. A 
series of test borings gave the following results: 

Loff8 of test horings in Topkei Stcamp, north of CorUale, if«M. 

Hole A, near north edge of deposit at end of north-south line 
through center : FWt 

Black murk ) 

FIbnms brown peat 1 

Broi^Ti well-decomposed peat, consisting of the remains 

of grasses and sedges 2} 

Hole B, about 100 yard? south of hole A : Same kind of ma- 
terial as that obtained in hole A. 
Hole C, about 100 yards south of hole B : Muck and peat simi- 
lar in texture to that obtained in hole A 4i 

Hole D, about 100 yards south of hole C : Muck and peat simi- 
lar in texture to that obtained in hole A 3J 

A composite sample (see analysis 30, p. M) was obtained by mixing 
muck and peat taken at intervals of 1 foot in depth. The deposit 
seems to contain peat of excellent quality for local use as fuel or 
fertilizer. Some sphagnum moss suitable for surgical use occurs in 
the oi>en ])arts of the area. 

Locality 11, — A bog about 1^ miles south of South Chelmsford 
and 1 mile west of Tophet " Swamp " (see fig. 26) has been partly 
cleared at the north end and is being used for cranberry culture. 
The dominant vegetation formerly was sphagnum moss, heath shrubs, 
and tamarack trees. The area of the bog is about 300 acres, 30 or 40 
acres of which is cultivated. The average thickness of the peat in the 
cranberry bog is more than 9 feet, but in the southern part it is only 
5 feet If the total area of workable peat is 200 acres and the average 
depth is 6 feet the bog should yield approximately 240,000 short tons 
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if air-dried peat. Sereml test holes were put down at points along 
I line banning &t the north end of the cranberry bog and extending 
outhward. The peat is fibrous near the surface but well-decom- 
x)sed, soft, and plastic be- 
ow. Analysis 31 (p. 34) 
ihows the quality of the 
leep peat from the cran- 
berry bog. The ash content 
s low and the fuel value is 
inusually high. The peat 
in this part of the deposit 
is of excellent quality for 
fuel. Analysis 32 (p. 34) 
shows the quality of the 
peat in the sphagnum-heath 
lone south of the cranberry 
bog. This peat is inferior 
in quality to that found to 
the north. 

Locality IS. — A peat ^ ^ lP ■ ' ■ ■ -T i-n ""^^ 

meadow adjoining Beaver Fiudu so.— Uep ot Tophet Swamp aod adjotolng 
Brook, about half a mile ■*«■ "WaieiW Cy.unty. Masi., «howlnB appro.l- 

.i_ ^ t T< -iT-ii ■"''* poellloo or teBt borings (or peat. 

southeast of Forge Village, 

contains a deposit about 125 acres in area. The peat was not sampled 

but is reported to be about 6 feet thick and of good quality. 
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Zoeality 13. — A deposit near the railroad station at East Lexing- 
ton, a suburb of Boston (see fig. 27), ii> about 100 acres in area and IZ 
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feet in average thickness and should jneld approximately 260^ 
short tons of air-dried mnek. A aeriea of test borings gave the fol- 
lowing results: 

Ijagi 0/ (eat bortiv* M mwcfc tfepMlt near £<Mt Le^ngton, Mau. 



Hole A, near watt edge of dcpoatt; about 
of old peat plaat: 
Brown well-decompOMd soft, idaMc muck. 
Greenish soft pond mncl 
Hole R, about 100 Tarda northeast of boie A, oi 
center of deposit : 
Brown wdl-decompoMd soft, plastic maA-. 
Oreenlsb soft pond mock-. 



yarda uortbea^t 



Hole C, about 100 rarda nortbeast of hole B : 

Brown wen-decompoaed soft, plastic muck 

Orpenlsh soft pond niuck__. 4 

Hole D, about 100 yards Bortbeast of btde C: 

Dark-brown weU-decomposed soft, plastic mnck 3 

IJt^bt■b^own flne-gralned soft ixwd muck 4 

Separate representative samples were taten of the upper and 
lower portions of the depocut, each of which was obtained bj miiing 
muck taken at interrak of 
2 feet in depth from each 
hole. Analysis M (p. U) 
shows the quality of the 
upper 8 to 10 feet of 
brown plastic mnck and 
analysis 34a that of the 
lower 10 feet of green 
pond muck. This depost 
is advantageously located 
and contains some mndc 
that is high in nitrogen. 
The ash content is too high 
for the material to be used 
as fuel. A large plant for 
the manufacture of fer- 
tilizer was erected on this 
bog several years ago by 
the Boston Humus Co., of 
East Lexington, Mass., 
and was successfully op- 
erated until recently. Although the plant is not now operated, it is 
still in good condition and could be reopened at moderate expense. 
Tliis deposit seems to be one of the best in New England for the pro- 
duction of peat fertilizer. It is not as large as some others in Massa- 
chusetts, but it contains good raw material and is easily acoessibla 




t'louRE :;8.—Map ot muihoi adjalnlug Coocord River, 
MldUli'tvi County, Mass.. Bboi*lliE approximate 
ponltlouH of test boring* for peat 
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Locality 14. — A mock meadow about a mile east of Bedford, which 
is in part being used for the cultivation of hay, was examined, but 
no peat was found. The meadow is covered with a shallow accumu- 
lation of black muck, y^hich appears to be more valuable for enrich- 
ing the soil of the locality than for the production of fertilizer. 

Locality I64 — ^A marsh adjoining Concord Biver about a mile north 
of West Bedford (see fig. 28) extends south westward along Concord 
and Sudbury rivers from 10 to 12 miles, but only the part north of 
West Bedford, consisting of approximately 500 acres, is included 
in this locality. The average thickness of this part of the deposit 
IB 4 feet, and it should therefore yield about 400,000 short tons of 
air-dried muck and peat. The living vegetation consists chiefly 
of the cranberry, grasses, sedges, ferns, and small shrubs. Test 
holes showed material of character and thickness as follows: 

LoQB of test barings in marsh on Concord River north of West Bedford, Mass, 

Hole A : Feet 

Black muck i 

Brown fibrous peat — - 1 

Brown well-decomposed peat 2 

Hole B : 

Black muck i 

Brown fibrous, peat ™.— ™ li 

Brown well-decomposed peat 2 

Hole : 

Black muck ^-, i 

Brown fibrous peat IJ 

Brown weU-^ecomposed peat 2§ 

A composite sample (analysis 35, p. 34) was obtained by mixing 
muck and peat taken at intervals of 1 foot in depth from each hole. 

Locality 16. — A marsh along the south side of Concord Eiver, 
about 1 mile northeast of Concord (see fig. 28), contains a de- 
posit about 400 acres in area and 6 feet in average thickness, which 
should yield 480,000 short tons of air-dried muck and peat. A series 
of test borings gave the following results : 

Loffs of test horinffs in marsh on Concord River northeast of Concord, Mass, 

Hole A, north of railroad track at south edge of swamp, six- 
tenths of a mile southwest of West Bedford : FVet 
Black muck } 

Brown fibrous to weU-decomposed muck 6 

Hole B, about 100 yarda northwest of hole A : 

Black muck } 

Brown fibrous to well-decomposed muck 5i 

Hole G, about 100 yards northwest of hole B : 

Black muck t 

Brown fibrous to well -decomposed, impure peat 5i 

Hole D, near Concord River, abcut 100 yards northwest of 
hole C: 

Black muck } 

Brown fibrous to well-decomposed, impure i)eat 6) 
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A composite specimen (see analysis 86, p. 34) was obtained by nux- 
ing samples from the four holes. The material in this deposit is 
too high in ash and too low in nitrogen for use as fuel or fertilizer. 

Locality J7. — ^A deposit adjoining Sudbury River, about half a 
mile southwest of Concord. No peat was found at tt^ locality, but 
about 50 acres near the river is covered with a shallow deposit of 
black muck. 

Locality 18. — ^A marsh along Assabet River, north of Concord 
Junction, contains a deposit similar to that at locality 17. 

Locality 19. — In a marsh adjoining Fort Pond Brook, about a 
mile northwest of West Acton, no valuable peat was found* A sam- 
ple (see analysis 37, p. 34) was taken from a test hole near the center. 
The deposit appears to contain muck that is of no value for 
fuel and that is too low in nitrogen for fertilizer. The living Teg^ 
tation consists chiefly of reeds, grasses, sedges, ferns, small shrubs. 
and the cranberry. 

Locality 20, — A marsh about a mile south of West Acton, which 
is several hundred acres in area, contains no valuable peat. The 
living vegetation consists chiefly of grasses, sedges^ cat-tails, the 
cranberrv, and small ferns. 

A composite sample of the deposit (see analysis 88, p. 34) was 
obtained by mixing material from several test holes. The deposit 
contains muck whi(»h can not be used for fuel. 

Locality 2L — A marsh surrounding Heird Pond and adjoining 
Wash Brook and Sudbury River, which is several square miles in 
area, contains little valuable peat. Analysis 89 (p. 84) shows the 
character of a composite sample and indicates that the deposit con- 
sists largely of muck that is of no value for fuel or fertilizer. 

Locality 22. — A marsh adjoining Sudbury River and surrounding 
Baldwin Pond, about 1^ miles northwest of Wayland^ lies directly 
north of locality 21 and is of the same type. Analysis 40 (p. 34) 
shows the character of a composite sample and indicates that the 
deposit consists largely of muck that is of no value for fuel. 

Locality 23, — A swamp south of Shakum Pond and west of the 
Mil ford branch of the Boston & Albany Railroad contains a de- 
posit about 50 acres in area and 4 feet in average thickness, which 
should yield 40,000 short tons of air-dried peat. The dominant 
living vegetation consists of maple, poplar, and elm trees. Two 
test holes gave the following results : 

Loon of test borings in swamp south of Shakum Pond, near Routh Framing- 
ham, Moms. 

Hole A. in center of hay meadow west of ear track : pvet 

Black muck J 

Brown firm well-decomposed, plastic peat 3 

Black muck } 
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Holjfr B, aboat 200 yards east of hole A: i\i«t. 

Black niuck 1 

Dark-brown fibrous, woody peat 4 

Analysis 41 (p. 34) shows the quality of the peat from hole A. 
The deposit is probably too shallow to justify the erection of a plant 
but could well be used for the production of cut peat. 

Locality 2i. — ^A small, deep filled-basin deposit near Bow Brook a 
mile southwest of Shirley contains about 3 acres of valuable peat 8 
feet in average depth. A small peat plant was erected several years 
ago near the west edge, and an attempt was made to produce machine- 
peat fuel. The deposit, however, was not of sufficient size to justify 
such a project, and the attempt was soon abandoned. A series of 
test borings gave the following results : 

LagB of test horlnffs in deposit near Bow Brook, 1 mUe iceat of Shirleii, Mass. 

Hole A, near east edge of deposit at site of old peat plant : Feet. 

Brown flbrons peat 1 

Brown partly to thoroughly decomposed peat 13 

Hole B, near center: Brown partly to thoroughly decom- 

poaed peat • 10 

Hole C, near west e<lge: Brown partly to thoroughly de<Miin- 

poaed peat 8 

A composite sample (see analysis 44, p. 84) was obtained by mix- 
ing peat taken at intervals of 2 feet in depth. The peat appears to 
be of fair quality for fuel or fertilizer. Although the deposit is too 
small to warrant the erection of a plant, enough peat could be cut to 
supply the farmers of the vicinity with fuel for several years. 

Locality S5. — Part of the meadow that adjoins Sudbury River near 
the confluence of Pantry and Cold brooks contains a deposit several 
hundred acres in area, which should yield 480,000 short tons of air- 
dried peat. The dominant vegetation consists of sedges, sphagnum, 
and the cranberry. A test boring put down near the mouth of Cold 
Brook gave the following result : 

Log of test boring in meadow on Sudbury River near the mouth of Cold Brook, 

Mass. 

Feet. 

Dark-brown fibrous i>oat 2 

Brown woody peat 5 

Green flne-gralned soft peat 8 

Gray soft peat 1 

LoeaUty 5ff, — ^A meadow that surrounds Fair Haven Pond on Sud- 
bury Biver, about 3 miles east of North Sudbury, contains a deposit 
about 150 acres in area and 7 feet in average thickness, which should 
yield approximately 210,000 short tons of air-dried peat. The vege- 
tation consists chiefly of willow trees, shrubs, ferns, <^3$l-j9rffi?^f^ T^ 
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holes pat down near the north and south ends of Fair Haven Pond 
gave the following resnlts: 



Loti* of iett torffijr* tn meadow aurroMnding Fair Hareit Pond, S aiUet tU 
of North Budttwy, Uatt. 
Hole A, aoatta of Fair HaTcn Pood, on e«n aide of Sadtnur 
River: rMt 

Dark-brown flbroiu to macerated wood7 peat. . 1 

Reddish-brown flbrouB to macerated p"*' _„. 4 

Dark-brawn to reddleh-brown somewhat woody peat 1 

Dark-brown wdl-decompoaed somewhat nUtj' peat 3 

Qreen Bne-gralaed peat- 



Hole B, uorth end of Fair Haven Pmid near eaat bank of Sud- 
bnry River : 

Black to gray pesty will „_ 2 

Light-brown peat 1 

Brown well-decomposnl pt^t with wmidy campoiients 2 

Brown to itreen well-decompoeed peat 2 

Gray well-decumpoaed peat 1 
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Local'Uy S7. — A deposit in a kettle hole in glacial drift adjoininj 
the Wheeler farm, near Concord, was tested by a boring, which g«v 
the following result : 

Loff of test boHNf ttear Wheeler farm. Concord. Uatt. 

FMt 

Reddlsb-brown woody peat _ 5 

Dark-brown woody peat 3 

lied to browD coarsely fibrous peat - 6 

Conreely flbroiis, matted, lea^ peat 4 

Fine-grained peat, composed chiefly of debris of aquatic plants- 3 
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vomvoLx oomiTT. 

Locality 09w-^A large meadow bog that adjoins Purgatory Brook 
about 1 mile east of Norwood (see fig. 29) contains a deposit about 
600 acres in area and 10 feet in average thickness, which should yield 
approidmately 1,800,000 short tons of air-dried peat. It extends 
southeastward from Norwood to the mouth of the brook, where it 
connects witti the marsh on Neponset Biver. Peat fuel and fertilizer 
have been produced at this locality since 1918. The deposit is of 
the built-up type, and the dominant vegetation consists of grasses, 
sedges, ferns, sphagnum moss, heath shrubs, and the cranberry. 
The peat is relatively homogeneous and varies from dark brown to 
yellowish brown. Test holes put down in the deposit gave the fol- 
lowing results : 

lAHf^ of test toringa in hog on Purgatory Brook, about 1 mile east of Nor- 

wood, Mass. 

Hole A, near Boutb edge of bog at site of peat-fuel plant : Feet 

Brown fibrous peat 1 

Brown well-decomposed, plastic peat 6i 

Hole B, about 100 yards northeast of hole A: 

Brown fibrous peat 1 

Brown well-decomposed, plastic peat 81 

Hole Ct about 100 yards northeast of hole B : 

Brown fibrous peat 1 

Brown well-decomposed, plastic peat 9 

Hole D, about 100 yards northeast of bole O : 

Brown fibrous peat 1 

Brown well-decomposed, plastic peat 9 

Hole E, about 100 yards northeast of hole D on north side of 
Purgatory Brook: 

Brown fibrous peat 1 

Brown well-decomposed, plastic peat 9 

A composite sample (see analysis 42, p. 34) was obtained by mixing 
peat taken at intervals of 2 feet in depth from each hole. The ash 
content is low, and the fuel value and nitrogen content are well above 
the average. The peat therefore seems to be of good quality for fuel 
or fertilizer. Analysis 42a (p. 34) shows the quality of a sample 
obtained from a stock pile of peat excavated for the production of 
fuel. Analysis 42b (p. 34) shows the composition of a sample of 
finished peat fuel manufactured in an experimental machine. 

A part of this deposit has been leased by Peat Coal (Ltd.) , of Bos- 
ton, Mass., and a fuel plant was being erected when the peat was 
sampled. In the process selected the peat is taken from the bog by 
a screw excavator mounted on a dredge and transported by overhead 
conveyors or scows to the plant, which has a capacity of 300 to 500 
short tons of peat a day. At the plant the peat is fed to a macerator, 
which thoroughly di^tegrates and works it into a plastic mass. 
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About 50 per cent of the moisture is then removed by artificial diying 
and 30 per cent by air-drying. The company proposes to market the 
peat in the form of cylindrical briquets. 

At the time the plant was visited good peat fuel was being pro- 
duced by a small, simple machine and stored for use in the opentkm 
of the larger plant then under constructioiL Parts of the bog htd 
been subleased to local residents, who were cutting peat for home vm. 
This hand-cut peat was of excellent quality and indicates the possi- 
bilities of the numerous small bogs scattered throughout the State. 
This bog is near Boston, and little difficulty should be met in market- 
ing fuel obtained from it. 

Locality 29. — ^A small bog about midway between Walpole and Eist 
Walpole contains a deposit about 5 acres in area and 12 feet in aver- 
age thickness, which should yield about 12,000 short tons of air-dried 
peat. Tt occupies a kettle hole and is of the typical fiUed-basin type. 
The living vegetation consists chiefly of heatb shrubs, sphagnnm 
moss, the cranberry, cotton grass, and sedges. The peat is dirk 
brown to reddish brown, well decomposed, plastic, and of homo- 
geneous texture. It is free from roots, logs, and pieces of wood and is 
well adapted to the manufacture of machine-peat fuel. Three test 
holes sunk on a line through the center of the bog gave the follow- 
in*^ results: 

Logs of teat boringa in bog between Walpole and East Walpole, Ma$$, 

Hole A, near north edge: Feet 

Brown fibrous peat 2 

Brown well-decomposed, soft, plastic peat 10 

Greenish soft pond peat 3 

Hole B. in center: 

Brown fibrous peat . 2 

Brown well-decomposed, soft, plastic peat 10 

Hole C, near south edge: 

Brown fibrous peat 2 

Brown weM-<lecompo8ed, soft, plastic peat 8 ■ 

A composite sample (analysis 43, p. 34) was obtained by mixing 
peat taken at intervals of 2 feet in depth from each hole. TTie de- 
posit contains peat of good quality for fuel. 

Several years ago Philip Allen, of Walpole, Mass., the owner of 
the bog. undertook the production of machine-peat fuel, but the proj- 
ect was abandoned. Although the peat is suitable for fuel, the depoat 
is too small for commercial use. However, a substantial quantity of 
peat could be cut and used by local residents. 

Locality 30, — Adjoining the western shore of Charles River sooth- 
west of West Roxbury there is a typical river marsh that has been 
formed in a river valley subject to frequent overflow. (See fig. 80.) 
The living vegetation consists chiefly of grasses and sedges. A senes 
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of test holes vas put down, but no valuable peat was found. Analyses 
46 and 46a (p. 34) show the composition of composite samples ob- 
tained from these holes and indicate that the depo&t consists laT;gely 
of muck. 

Locality Sh — K marsh that adjoins the western shore of Charles 
Biver north of Dedham Island and -east of Xeedham (see fig. 30) con- 
tains a deposit similar in physical and chemical characteristics to that 
in Locali^ 82. 

LocaJity 32. — An extensive marsh adjoins both shores of Xeponset 
Biver and extends from Ashcroft to Canton Junction. The living 
vegetation consists chiefly of grasses, sedges, and shrubs. This 
marsh is several square miles in area and contains a deposit of 
muck and impure peat from 1 to 5 feet thick. Dachnowski'^ thus 
describes the area: 

Wltb the exception of tbe part on Pargstory Brook, the most striking featore 
of this deposit Is aa extenstve surface layer of dlatomaceons slliceons material 
adjacent to the river. The de- 
posit noges in thickness from 
6 Inches to 4 feet and Is 
derived almost wholly from 
mlcrosctfilc plants, mainly 
diatoms, which float freely In 
the qolet waters of ponds and 
rivers. Throu^ont nearly the 
length of the river this layer 
Testa on older beds of peaty 
material that range In thick- 
ness from 1 to 5 feet Most of 
this peaty material Is w^ de- 
VDinpOBed and fairly compact 
and g^ierally rests on mica- 
«xons sand. The plant te- 
BialiiB are derived In laiite part 
ftom transported organic ma- 
terial and from herbaceous 
«ad shrubby vegetaUoo. 

Soundings In tbe part of Qie 
xnarah that lies on Purgatory 
Arook Indicate a bed of dlato- 
xnaceonB earth as a bottom 
layer In the deeper depressions: 
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FioDBB 80. — Mtp <^ marab adjoining Cbarles Blvcr 
west at BoatOD, Haw., ibowtiiK approtlnate pout- 
tlon dI test borinsi tor peat (A, B, C). 



The overlying materials are types of flbrouH 
wlckn^llke peats. They are plant remains derived from vegetation units 
*rtilch appear to have sncceeded each other In the formation of this deposit In 
ngponae to cbaDges In the ground-water table. 

PLTKOVTK OOITKIT. 

Locality 55.— Great Cedar Swamp, about half a mile south of 
South Hanson, adjoins Monponset and Stump ponds on the north. 
Its location and area are shown on the map of the Abington quad- 

■ DadMomkl, Alfted, onpabllihed Dotea, 
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rangle, published by the United States Geological Survey. FoRst 
trees and underbruish which would be difficult to remove are the 
principal forms of plant life, and the peat therefore contains mtnr 
roots, logs, and pieces of wood. 

Locality 3^. — ^A cranberry bog near Halifax is shown on the 
maps of the Abington and Middleboro quadrangles, published by the 
United States Geological Survey. A series of test holes in this bog 
gave the following results : 



Bt 



Generalized log of test boringt in cranberry hog near Halifax, ilag9. 

Feet 
Red to dark-brown fine-grained to granular peat, containing 

woody matter 1 

Dark-brown wdl-decompoaed to fine-grained peat, containing 

charred woody matter 2 

Red to dark-brown peat, containing leaf-mold and pine needles^ 1 
Dark-brown to reddish-brown partly disintegrated, aomewhat 

fibrons peat, containing roots, fibers, and woody matter 2 

Reddish-brown fine-grained to fibrous peat, containing charred 

woody matter 1 

Reddish-brown fibrons to matted peat, containing twigs and re- 
mains of heath shrubs 1 

Brown well-decomposed to partly fibrous peat, somewliat sUty, 

containing woody matter 1 

Yellowlsh-broMm well-decomposed peat, containing twigs, pieces 

of wood, and sand 1 

Grayish coarse to fine^ well-decomposed, stratified silty peat 1} 

llie living vegetation of this bog consists chiefly of sphagnum, the 
cranberry, and red maple and cedar trees. 

Locality 36. — Great Cedar Swamp, about 4 miles northeast of 
Middleboro, is shown on the map of the Middleboro quadrangle, pub- 
lished by the TTnited States Geological Survey. The dominant \eg^ 
tation consists of red maple, hemlock, birch, cedar, and white piM 
trees. A series of test holes gave the following results : '* 

Logs of test borings in Great Cedar £firomp, 4 miles northeast of MiddWforo, 

Mass, 

Hole A, south end of swamp near west border : F^ct 

Dark-brown to reddish-brown fibrous peat, containing 

roots ot living plants, twigs, and other vegetable matter 1 

Black fibrous peat 1 

Black to red fibrous to well-decomposed peat 2 

Black to reddish brown partly fibrous, silty peat IJ 

Hole B, east of hole A, about halfway across swamp: Dark- 
brown to red partly decomposed to fibrons peat, containing 

twigs and other woody components Ij 

■> Dachnowflkl, Alfred, uopabliBhed notes. 
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n>le O, cast of bole B, about balffray between middle and 
etst edge of awamp : (^eet 

Dark-browD dlalntegrated to flbroux peat, i-ontaliiliii; twiKs 

and woody components 1 

Black flne-Krafnpd peat 1 

BtaA well-decompoBed flne-Bmlned peat 1 

Hole D, east o( hole C, Bouth end of su'amp near eiiat mnritfn : 

Reddish-brown to black flne-gralned peat 2 

Black well-<l is Inters ted peat, somewhat sllty 2 

Hole E, near cent<^r of swamp : 

Dark-brown flbrous to dlelntej^vted peat, containing twigs 

ami woody components , X 

Reddiah-brown flbrous to disintegrated, plusltc peat 1 

Dark-brown well-decotnpoBed peat 1 

Red to dark-brown flne-gralned peat, containing woody 

matten- 1 

Dark-brown well-decomposed peat 11 

' H(de F, midway between bole K and enat edge of swamp: 
Same character of material as that obtained In hole B. 
Hole O, east of hole F, near east margin of awunip: Dark- 
brawn Bbrous to disintegrated peat, containing woody matter 2) 

woaoKSTxm oowtt. 

Loctdiljf 36. — Great Swamp, between Dunn Brook and East Brook* 

Seld BiTsr (am fig. 81) , is about 850 acres in area and contains a deposit 




nSDBB 81.— 



>f peat 3i feet in average thickness, which should yield approximately 
45,000 short tons of air-dried peat. It is thickly wooded with red 
laple, elm, alder, and other broad-leaved trees. A aeries of test 
oles gave the foUowing results: 
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Ijoga of tcH horings im Qreai fiiramp, heiweem Dmnm Brook and Eatt BroofclWi 

River^ Ma»$. 

Hole A, Konth of railroad track near west edge of swamp: 

Black impure p<*at and muck «. li 

Hole B, south of track near center of swamp: Black aandy 

Hole C. between track and wagon road near western edge of 
swamp: Bro^ii well-decomposed, plastic peat i\ 

Hole D, midway between track and wagon road, near center of 
swamp: Brown well>deoompo0ed, plastic peat 4 

A composite sample (see analysis 62, p. 34) was obtained by mixing 
peat taken at intervals of 1 foot in depth from holes C and D. The 
peat appears to be of good quality for fuel or fertilizer. HoweTer, 
as the deposit would be difficult to drain and clear and the thickness 
is variable, it is not a promising source of peat for commercial use. 

Locality S7. — A marsh extends westward along Quaboag River 
from Quaboag Pond to West Brookfield, a distance of about 4 miles 
(sec iig. 31), but only the part near the pond contains good peat 
The living vegetation consists chiefly of sedges, grasses, and cat- 
tails, and the peat, which is made up chiefly of the remains of these 
plants, is well disintegrated. The peat deposit is about 8S0 seres 
in area and 7 feet in average thickness and should yield approxi- 
mately 490,000 short tons of air-dried peat. A series of test hol« 
put down at points along a line extending southeastward across the 
center of the deposit gave the following results: 

Logs of test borings in marsh on Quaboag Rit'ejr, Mass, 

Hole A, near north edge: F»«t 

Black muck \ 

Brown weU-decomposed, plastic peat 3i 

Hole B, about 200 yards southeast of hole A : 

Black muck \ 

Brown weU-decomposed, plastic peat, composed of the re- 
mains of grasses and sedges 4^ 

Greenish soft pond peat 4 

Hole C, about 200 yards southeast of hole B : 

Black muck i 

Brown well-decomposed, plastic peat, composed of the re- 
mains of grasses and sedgejs 51 

Hole D, ul>out 200 yards southeast of hole C: 

Black muck \ 

Brown plastic i)eat, composed of the remains of grasses 

and sedges 1\ 

Greenish soft pond peat 4 

A composite sample (see analysis 63, p. 34) was obtained by mix- 
ing peat taken at intervals of 2 feet in depth from each hole. The 
l^eat contains too nuK h ash for use as fuel, but it may be of some 
value for agricultural purposes. 
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LocalUy S8. — A marsh about a mile southwest of Harvard sta- 
tion, which is shown on the map of the Groton quadrangle, published 
by the United States Geological Survey, is about 640 acres in area. 
It is overgrown by cat-tails, sedges, reeds, small willows, and trees 
and shrubs. The deposit is of the built-up type and occupies the 
bottom land of Nashua Eiver. The peat, which is firm and well 
decomposed, is overlain by 6 to 12 inches of black muck and is 
underlain by sand. The muck was probably formed as the result of 
a fire many years ago. A series of test borings gave the following 
results: 

Logs of test tarings in marsh on Nashua River, near Harvard stationy Mass, 

Hole A, about 100 yards west of railroad track near edge of 
marsh : Feet. 

Black muck J 

Brown firm, well-decomposed peat 2i 

Hole B, about 100 yards west of hole A : 

Black muck i 

Brown firm, well-decomposed peat 3i 

Hole C, abo.ut 100 yards west of hole B : 

Black muck i 

Brown firm, well-decomposed peat 3i 

A composite sample (see analysis 28, p. 34) was obtained by mix- 
ing peat and muck taken at intervals of 1 foot in depth from each 
hole. According to the analysis the deposit as a whole is too high in 
ash for use as fuel, but the high ash is probably due to the overlying 
muck. The deposit could probably be most advantageously used for 
agricultural purposes. 

CONNECTICUT. 
OEKEBAL FEATURES. 

Although some peat is found in western Connecticut, the largest 
and most valuable deposits occur in the northern and eastern parts 
of the State. Spruce and cedar swamps, which are the predominant 
types of undrained land, occur at the following places: Botsford, 
Neversink Pond, and New Fairfield, Fairfield County ; Berlin, Plants- 
ville, Southington, South Windsor, and West Suffield, Hartford 
County ; Benedict Pond, Chapinville, and Norfolk, Litchfield County ; 
and Stonington, New London County. There are also many salt 
marshes along the coast, as well as numerous maple, ash, and elm 
swamps in central and eastern Connecticut. Marl underlies peat in 
some of the northern Connecticut deposits, notably in the tamarack 
swamps surrounding Twin Lakes, Litchfield County. A bed of marl 
25 feet deep is reported to underlie West Twin Lake. The types of / 
peat deposits and processes of formation in Connecticut are essen-'-^ 
tially the same as those in the other New England States. 

910e6*— 22 ^13 
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Although Connecticut ha.s numerous and widely distributed peit 
deiKj^its they are relatively small, and the total quantity of peat that 
could be obtained from them is much less than the quantity availible 
in the deprjsits either of Vermont or Massachusetts. The deposits in 
Connecticut that have licen examined are capable of yielding about 
l/Kio.iniri short tons of air-dried i>eat. However, several of the large 
deposits and the numerous scattered small bogs have not been tested. 
Tho«je deposits would probably yield at least 1.000,000 tons, and the 
total i^eat resources of the State would therefore amount to about 
±(}(}()JHji) fchort tuns. 

The following localities were tested for peat in the progress of 
the field work upon which this report is based. 

TAIKFIELD COmiTT. 

Localitt/ L — A swamp whirli is shown on the maps of the Danburr 
anci Derby quadranfrles, published by the United States Geological 
Survey, Ijegins about ii quarter of a mile south of Botsford and 
extends s^juthward for about 1^ miles. The swamp is crossed by 
the track of the New York, New Haven & Hartford Itailroad, and 
much of the area is owned by the railroad. The deposit covers 
several hundred acres, but only about 100 acres contain good peat, 
the average thickness of which, as indicated by test holes, is about 
4 feet. The deposit is estimated to be capable of yielding about 
80.000 short tons of air-dried peat. Tlie living vegetation consists 
chiefly of deciduous trees, notably reil maple and elm, though a few 
.scattered spruce trees as well as some ferns and sphagnum are also 
j)rcs<»nt. Some of the sphaginim is of the large leafy type, suitable 
for surgical use. Test holes were made in different parts of the 
swamp, but only a few of them yielded peat. The |>eat, which is 
of the forest type, is shallow and fibrous and contains considerable 
woody fiber near the top but is plastic and well decomposed at a 
depth of 2 or 3 feet. The best peat was found in the following holes: 

Logn of test borings in swamp south of BotMfnrfl, Conn. 

Feet 
Hole A, near north edge, east of raUroad track: Dark-brown 

\nmt, wiHMly noixr top, clayey and fine fn"Jiined bi»lo\v 4 

Hole 15, besiih* railroad track, about one-fourth of a mile south 

of hole A : Brown flbrous peat, containing? loaves and twigs 31 

nolf» C, beside railroad track, about one-fourth of a mUe south 

of hole B : Brown fibrous to woody i>eat 4 

Hole D, at roadside in north central part: Brown well-decom- 

powHJ i)eat, containing t\^igs, Jeaves, and small pieces of 

wood 4} 

A composite sample (see analysis 57, p. 19) from a tract of about 
15 acres in the area near the nortli edge of the swamp was obtained 
by mixing peat taken at intervals of 1 foot in depth from each hole. 
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lie peat in this tract appears to be of good quality for fertilizer, 
•ut its texture makes it unsuitable for the manufacture of fuel. 
Lnalysis 58 (p. 19) gives the composition of a sample taken about 
lalf a mile south of Botsf ord on the west side of the New York, New 
laven & Hartford Eailroad track and indicates that the peat in 
his area is suitable for fuel or. fertilizer. 

HABTFORD OOUKTT. 

Locality Z. — A bog about 3 miles north of Cromwell, which is 
hown on the map of the Middletown quadrangle, published by the 
Jnited States Geological Survey, is about 37 acres in area, but not 
.11 of this acreage contains workable peat. A small filled basin 
.bout 10 acres in area and 10 feet in average depth contains the 
»e8t peat. The area should yield approximately 20,000 short tons 
if air-dried peat. The living vegetation of the 10-acre tract con- 
ists chiefly of grasses, sedges, shrubs, and sphagnmn. In the sur- 
'ounding woods red maple, alder, ash, and elm predominate. Ex- 
'^ept in the upper 2 feet the peat is well decomposed, plastic, and of 
lomogeneous texture. 

Logs of te$t boringg in bog north of Cromwell, Conn, 

Hole A, near south edge : Feet 

Brown fibrous peat 2 

Brown weU-decomposed, soft plastic peat, consisting chiefly 

of the remains of grasses and sedges 4 

Green soft clayey pond muck 4 

Hole B, near center : Peat and muck similar to that In hole A_ 12 

Hole O, north edge : Peat and muck similar to that In hole A. 10 

A composite sample (see analysis 59, p. 19) was obtained by mix- 
Hg peat and muck taken at intervals of 2 feet in depth from each 
lole. The material as a whole appears to be too high in ash for 
ise as fuel. The nitrogen content is 1.32 per cent. It may be, how- 
ver, that the upper 6 feet could be used for fuel, but care should 
>e taken to avoid the lower layers of pond muck, which are very 
^gh in ash. The deposit has been leased by A. N. Pierson, of Crom- 
well, Conn., who has attempted to substitute powdered peat for 
oal for use in heating his greenhouses. 

XIDDLESEX OOUKTT. 

Locality S. — ^A small bog about one-quarter of a mile southeast of 
ocality 2, which is only 2 acres in area, contains a deposit of peat 
^nd muck about 8 feet deep. The living vegetation is made up 
^fgely of grasses, sedges, and sphagnum. The deposit consists 
>f fibrous peat and muck containing much sand. It has been leased 
by A. N. Pierson, of Cromwell, Conn., who attempted to use the 
peat and muck for fuel, but the ash content was so high that the 
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|)n>JL-ct wa!< un^uccejsfiil. Analysis 60 (p. 19) gives the compaction 
of a siK-cimen tuken from Pierson s stock pile and shows tlist the 
asli content in dH.25 [>t.T c-ent uiid the nitrogen 1.48 per cent. 

Locality .}. — A iiiut':!i)t near the confluence of ilattabcsset and Cdn- 
necticut riwi-s, about one-fourtli of a mile north of the railroad statiun 
at Miildlotown, w)]ii-li it; shown un the map of tiie Middletovn qusd- 
ranph', pulilishcd hy the I'nited States fieological Survey, coiitaiiii 
a deposit jiljout <MM) acres in urea that consists of only shallow muik. 
J.otalUij .',. — Dtirhain Meadows, which are shown on the map of the 
Guilford quadran;:le, publishe<l by the United States Geological Sur- 
vey, extend along both 
sides of Coginchaiig 
Biver, about one- 
fourth of a mile west 
of Durham. These 
meadows are alnut 
1,000 acres in area but 
contain no peat of com- 
mercial important. 

SEW SAVES CaUMTT. 

Loc<dUy 0. — A salt 
marsh that adjoins 
Quinnipiac Kiver be- 
tween North Haven 
and New Haven (*e 
iig. 32) is several hun- 
dred acres in area, but 
only the part near the 
Davis brickyard, about 
4 miles north of New 
Haven, a tract of about 
300 acres, contains 
high-grade peat The 
thickness of the de- 
pohit ranges from 4 to 7 feet, anil the average depth is about 5 
feet, 'I'liis tract slioiikl yield ni)proximately 300,000 short tons of 
itir-dried peat. 

I'lie deposit as a whole cnnsists of 2 to 3 feet of salt-matsh peit 
underlain by 2 or 3 feet of fresh-wat^T peat. (See PI. XV, A.) The 
fix'Mii-water peat is dark brown to black, well decomposed, and 
jihistic and contains well-preserved remains of ferns, sedges, lltd 
frrusses. The salt-marsh peat is fibrous and somewhat silt^. TT* 
section illustrated in part by Plate XV, .4, was exposed by excavi- 
tions for day. tieverul old stumjjs of trees 12 inches in diameter 
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and in place in the excavations at the bottom of the fresh-water 
sat. Specimens were taken from the exposed section, which is one- 
ghth of a mile long, and from a hole put down a few yards from the 
ay pit. 

Analysis 63 (p. 19) shows the composition of a combined sample 
f fresh-water and salt-water peat taken from the hole, and analysis 
i (p. 19) that of a sample taken from a pile of peat which had been 
xposed to the weather for a year. The high ash content shown in 
nalysis 54 is ascribed to the admixture of dust from the adjoining 
Lay pit. Analj'ses 53a-d (p. 19) show the composition of samples of 
oth the salt-marsh and fresh-water peat collected by George E. 
'ichols. 

liickneHS of beds of talt'fnarsh and fresh-trater peat in boring in mnrsh tm 

Quinnipiac River, Conn,, sampled for analysis. 

Feet. 

Salt-marsh peat (analysis 53a) 11 

Salt-marsh peat (analysis 53b )_ 1 

Fresh-warer peat (analysis 53i-) 1 

Fresh-water i)eat (analysis 5.'i(n 1^ 

Both types of peat contain an unusually large percentage of sul- 
hur. The average nitrogen content of the salt-marsh peat exceeds 

per cent. 

Several years ago peat from this deposit was used for fuel, but 
le plant has been dismantled. Much of the peat in the vicinity of 
le brickyard has been stripped from the land in order to obtain the 
nderlying clay. If an attempt is made to produce fuel from this 
eposit the top layer of impure, silty salt-water peat should be re- 
loved to a depth of at least 2 feet. 

Locality 7. — ^A salt marsh about 1 mile west of Short Beach and 8 
liles southeast of New Haven, which is shown on the map of the 
Few Haven quadrangle, published by the United States Geological 
Survey, contains a deposit about 200 acres in area and 6 feet in 
verage thickness, which should be capable of yielding approxi- 
aately 240,000 short tons of air-dried muck. Five test holes were 
lade along a line 100 yards east of and parallel to an electric railway 
pack that crosses the marsh. Analysis 55 (p. 19) shows the com- 
losition of a composite sample taken from these holes and indicates 
hat the deposit is of no value for fuel or fertilizer. 

Locality 8. — A deposit near New Haven, about one- fourth of a mile 
ast of Granniss Comer, which is shown on the map of the New 
laven quadrangle, published by the United States Geological Sur- 
ey, is about 75 acres in area and 6i feet in average thickness. It is 
stimated that this deposit is capable of yielding 97,500 short tons of 
ir-dried peat. 
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The peat is of the built-up type and b dark brown, well decom- 
posed, plastic, and free from woody comixments. A oMnpoate 
sample (see analysis 56, p. 19) was obtained by mixing peat takoi at 
intervals of 1 foot in depth from test holes put down along a line 
through the center. Although physically suitable for fuel, the peat 
in this deposit is so high in ash that only low-grade fuel could be 
made from it. 

Locality 9. — ^A salt marsh at the mouth of Stony Creek is croeBed 
by the tracks of the New York, New Haven & Hartford Baikoad 
and by a suburban electric railway. The deposit is about 200 acres 
in area and 5 feet in average thickness and should yield approxi- 
mately 200,000 short tons of air-dried peat and muck. A series of 
test holes gave the following results : 

Log9 of tent boringn in »aU mar$h at mouth of Sttmy Cre^, t\ rnUei eoii of 

Branford, Comn, 



Hole A. near west edge of marsh, nortJi of electric raUway 
tracks : Pnt 

Grayish fibrous impure silty peat 2 

Brownish-gray muck, somewhat fibrous, containing unde- 

composed remains of marsh grasses 2 

Hole B, near edge of Stony Creek, in center of marsh : 

GrayiKh fibrous muddy peat 8 , 

Gray to brown fibrous muck 2 

Hole C, near east edge of marsh north of car track : Peat and 
muck similar in depth and character to that in hole B 5 

As the underlying muck is too impure to be of commercial value 
only the upper 2 feet of peat was sampled. A composite specimen 
(see analysis 61, p. 19) was taken from the sides of a small drain- 
age ditch that crosses the marsh. The high content of ash is be- 
lieved to be partly due to inorganic impurities mixed with the peat 
in the excavation of this ditch. 

Data relating to the area, depth, and chemical composition of 
several other peat deposits in this county are given in the table of 
analyses (pp. 19-22). 

RHODE ISLAND. 

The most valuable peat deposits in Rhode Island occur in the 
fresh-water bogs and swamps of Bristol, Providence, and Washing- 
ton counties. Although there are many salt marshes on the coast 
they contain little peat of economic value. The peat of Rhode 
Island is similar in origin and physical and chemical properties to 
that of Connecticut and other New England States. The swamps 
and bogs of Ehode Island are estimated to be capable of yielding 
1,000,000 short tons of air-dried peat. 
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BBXBTOL OOUVTT. 

Locality 1. — ^A deposit about half a mile west of Barrington, 
rhich is shown on the map of the Narragansett Bay quadrangle, 
published by the United States Geological Survey, was formerly 
bout 300 acres in area, but the peat has been stripped from 200 
xsres in order to obtain the underlying clay. The average thick- 
less of the peat in the remaining 100-acre tract is only about 2i 
eet. It is dark brown to black, rather fibrous, and earthy. The 
leposit was originally wooded, but it has been cleared and drained. 
^Lnalysis 52 (p. 49) shows that the peat is too high in ash for use as 
fuel and too low in nitrogen for use as fertilizer. Other deposits in 
Bristol County are reported to contain high-grade peat, but they 
^ere not tested. 

PBOVIDENCE OOUKTY. 

Locality 2, — A meadow adjoining Cherry Brook about a mile south 
3f Woonsocket, which is about 200 acres in area, contains black muck 
ind impure peat from 1 to 3^ feet deep. Four test holes were put 
iown along a line through the center of the meadow, from which a 
composite sample was taken. Analysis 49 (p. 49) shows tlie chemical 
composition of this sample of the deposit, which consists largely of 
muck. 

Locality S. — ^A marsh adjoining Blackstone River between Valley 
Falls and Lonsdale, which is about 200 acres in area, contains only 
3andy muck. 

Locality 4. — ^A swamp about 1| miles northwest of West Green- 
ville, which is shown on the map of the Burrillville quadrangle, pub- 
lished by the United States Geological Survey, contains a deposit 
which is about 50 acres in area and which exceeds 25 feet in maximum 
thickness. If the average depth is 15 feet the deposit should yield 
approximately 150,000 tons of air-dried peat and muck. The living 
vegetation consists chiefly of maple, elm, ash, and alder trees. The 
peat is composite in origin and ranges in texture from fibrous to 
plastic* Two test holes put down in the center of the swamp ad- 
joining a road that crosses the deposit gave the following results: 

Loo of teat borings in $wamp near Wett Oreenville, R, I. 

Peet 

Black muck 1 

Black peat 1 

lied to brown woody, forest peat 2 

Dark-brown, well-decomposed, built-up peat 2 

Yellowish-brown soft, plastic impure pond vent and muck— 19-f 

Analysis 51 (p. 40) shows the character of a composite sample ob- 
tained from these holes and indicates that the de])osit is unfit for fuel. 
This is probably the deepest peat deposit in Rhode Island, but it is 
not favorably situated for commercial use. 
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Locality o. — A marsh mdjoiiimiir ChApmsn Pond* mboat 9 miks 
9mA of Wislerlv. which is shown on the msp of the Stoniiif^ 
qojidranide. published bj the United States GeologicEl Survey, is 
mpproximmtel J GOO acres in area, hot on account of high water the 
large tract south of the pond could not be sampled. The tract nwtli 
of the pond is about aO acres in area and contains a deposit 6 feel 
in average thickness, which should yield about OOjOOO tons of air- 
drier] peat. If the peat in the large area sooth of the pond is of the 
same average thickness the entire deposit contains approximatdy 
T2^)/XJ0 tons of peat. The peat near the pond is of the filled-btsin 
type, but that more remote is of the built-up tjrpe. The living veg^ 
tation consists chiefly of an inner zone of cat-tails, sedges, and grasses 
anri an r>uter margin of poplar, elm. and willow trees. A series of 
test borings gave the following results : 

Lo^« 0/ te9t bofimffM near Chmpmun Ptmd, Wesierip, ft. /. 

Hole A, midway between the track of the New York, New 
Haven & Hartford Railroad and north shore of Chapman 
Fond: FVet 

Brown fibrous to itpongy peat 4 

Dark-brown soft, well-decomposed peat 2 

Hole B, abont 100 yards west of hole A : Peat similar in tex- 
ture and depth to that in hole A. 

A composite sample (see analysis 50, p. 49) taken from these holes 
shows the quality of the peat in the northern part of the deposit 

Locality €, — Several test holes were put down in a bog about 3 
miles east of the railroad station at Westerly and 1 mile east of 
Chapman Pond, which forms an arm of the large bog adjoining 
Pawcatuck River (see locality 7). These test holes were put down 
at intervals of about 100 feet near the railroad track that crosses the 
bog but failed to show peat. The deposit appears to consist of 12 to 
16 inches of black muck underlain by sand. 

Locality 7. — ^In the part of the bog that adjoins Pawcatuck River 
about 4 miles west of Bradford the living vegetation consists chiefly 
of the cranberry, heath shrubs, sphagnum, grasses, and sedges- 
plants that grow on typical peat bogs — ^but no valuable peat was 
found. Maple, elm, and ash trees constitute the marginal vegeta- 
tion. The surface consists of a layer of muck about 2 feet deep. 

Locality 8, — A swamp on Pawcatuck River about 1 mile east of 
locality 7, which is shown on the map of the Stonington quadrangle, 
published by the United States Geological Survey, is densely wooded, 
and in August, 1918, was covered with water from 6 to 12 inches 
deep. No peat of economic value was found. A deposit of un- 
decomposed plant remains and black muck about 1 foot thick 
^tenstitutes the surface layer. 
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ocalUy 9. — Indian Cedar Swamp, which is shown on the map of 

Charlestown quadrangle, published by the United States Geo- 
ical Survey, lies about 1 mile south of the railroad station at 
od River Junction. This swamp is about \\ miles long and YOO 
as in area. Samples were taken around the margin, but on ac- 
nt of the surface water the interior was not tested. In the part 
ipled only 1 foot of muck was found. The swamp is densely 
ested. Peat of workable depth may occur in the interior, but 
li extensive clearing and road building would be necessary that 

present value of the deposit is doubtful. 

\occMty 10. — Great Swamp, between West Kingston and Kenyon, 
^.ugust, 1918, was mostly flooded. Where it was examined around 

margin no peat of economic value was found. Deep peat is 
orted to occur in the interior of the swamp, but this report was 

confirmed. 

OTHER STATES. 

^nditions are favoraWe for the formation of peat in the upper 
ley of Red River, in North Dakota, and in the region east of 
DCS River, in South Dakota, but these areas were not examined for 
3 report. Small accumulations of muck and peat have been noted 
Lake Marsh, Hamlin County, and Madison Lake, Lake County, 
Dak., but the material in these localities probably contains a large 
^portion of inorganic impurities and may not be of workable 
>th. 

ATLANTIC COASTAL BEQION. 

VIRGINIA AND NORTH CAROLINA. 
eSNEBAL FEATUBBS. 

Llthough some peat is found in the tidal flats on Potomac River, 
most extensive deposits in Virginia occur in the Dismal Swamp 
trict, which extends southward from Portsmouth into the northern 
mties of North Carolina. Peat also occurs throughout an area 
mt 50 miles wide along the coast of North Carolina from Albe- 
rle Sound to the northeastern boundary of South Carolina, as well 
in parts of the upper valleys of Roanoke, Neuse, and Cape Fear 
ers. The i)eat, which is largely of the built-up type, originated in 
sttively flat, undrained salt marshes along the coast and in fresh- 
ter swamps farther inland. The deposits of Virginia and North 
rolina are estimated to be capable of yielding 700,000,000 short 
is of air-dried peat. The Dismal Swamp lies in both Virginia and 
rth Carolina and contains most of the peat in these States, and 
irefore the two States are considered under one heading. 

ABUVOTOV AVD FAHIFAX 00UHTIE8, VA. 

rhere are several small undrained areas in the eastern parts of 
lington and Fairfax counties, Va., adjoining Potomac River. 
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The marshes south of Alexander Island, aj; the mouth of Fourmile 
Eun, and in Hunting Creek, as weU as the tidal marsh about 2 miles 
south of Alexandria, were examined, but only shallow bluish-gray 
impure peat and silty muck, consisting largely of the remains of 
marsh grasses, were found. These areas are illustrated on the map of 
Washington and vicinity, published by the United States Geological 
Survey. The tidal marsh south of Alexandria is nearly 2 miles in 
length and ranges from about one-eighth to one-half mile in width. 
Its surface lies below the water level of Potomac River at high tide 
and consequently it is usually covered with water from a few inches 
to about 2 feet in depth. The living vegetation consists largely of 
wild rice, flags, and marsh grasses. If this marsh were drained the 
soil would probably yield good truck crops, but it seems doubtful 
whether drainage would be profitable. Similar marshes occiu* at the 
mouths of numerous tributaries to Potomac Eiver in other counties. 

DISMAL SWAMP DI8T&Z0T. 
QBOGliAPHY AND QBOLOQY. 

The Dismal Swamp district is in the Coastal Plain of southeastr 
em Virginia and northeastern North Carolina. (See PI. XVI.) It 
lies roughly between parallels 36° 15' and 36° 45' N. and meridians 
76° 5' and 76° 35' W., and approximately includes Norfolk County 
and the eastern part of Nansemond County, Va., and Perquimans, 
Pasquotank, Camden, and Currituck counties, N. C. As the limits 
of the swamp depend largely upon rainfall and vegetation, as well 
as topography, they are rather iri^egular and are not sharply de- 
fined. 

The swamp is traversed from Deep Creek, Va., to South Mills, 
N. C, by the Dismal Swamp Canal and is cut by numerous smaller 
canals and ditches radiating from Lake Drummond. The Norfolk 
Southern Kailroad skirts the eastern, southern, and western parts of 
the swamp, and its north end is crossed by the Virginian, Seaboard 
Air Line, and Norfolk & Western railroads. 

The total area of the Dismal Swamp is about 2,200 square mileSj 
of which a little more than 700 square miles has been drained by 
the Dismal Swamp Canal and other ditches. A large part of the 
swamp is owned by the Roper Lumber Co., Norfolk, Va., and by 
the Richmond Cedar Works, Richmond, Va. 

The region as a whole is but sparsely populated, and the chief 
industries in the reclaimed areas are lumbering and agriculture. 

The peat deposits of the Dismal Swamp lie in shallow basins that 
originated in an extensive depression of the Columbia group oi 
formations. During the deposition of these formations the mouth 
of James River was some distance southwest of its present mouth, 

MDarton, N. H., U. S. Geol. Survey Gksol. Atlas, Norfolk folio (No. 80), pi. 1, 1902. 
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1 the sediment it laid down probably formed a bar or delta east 
the swamp. When the land was subsequently uplifted, the mouth 
the James was diverted to its present position, and between the 
race formed by its delta and the Nansemond escarpment there 
Qained a large, poorly drained depression in the surface. The 
rmal precipitation of the region is about 52.08 inches and the aver- 
5 humidity is 73 per cent. Thus favored by topographic and cli- 
tic conditions, the surface was soon saturated or covered with 
ter and luxuriant vegetation, and it has remained in substantially 
! same state since that time. 

IfVhile the swamp was young most of the peat was formed below 
ter level and the deposits were largely of the filled-basin kind, 
ter many basins in the region were filled to the general level of 
I surrounding country by vegetal accumulations, and much of the 
-face water was drained off through the Dismal Swamp Canal and 
)sidiary ditches. Thus the Green Sea, which was originally cou- 
nted with the main morass, has been detached by the draining of 
J intervening area. Many marginal sections have also been re- 
imed for agricultural use by small ditches and are no longer 
ampy, except in very wet weather. However, the greater part of 
J swamp is still so poorly drained and so choked with plant 
3wth that it is continually saturated or covered with water. The 
Brage depth of the water is only a few inches. In the western 
rt the water is in places 2 feet deep, and peat is still forming 
Bre under water. In the eastern part the water seldom stands 
Dve ground, although in many places it keeps the surface so 
^hly saturated that peat is still accumulating. In the thoroughly 
lined sections the formation of peat has been superseded by that 
leaf mold. 

rhe Dismal Swamp lies at the junction of the coniferous and de- 
uous forest regions of the eastern coast of the United States. 

flora comprises plants of a great number of species and is inter- 
ing because it shows a mingling of the northern and southern land 
ras. In the earlier stages of peat formation algae and mosses 
ibably grew profusely in its shallow waters, building up de- 
sits of fine-grained peat, which are now found in the bottoms of 
b basins. As the remains deposited by these plants accumulated 
5 basins became shallower, enabling the pondweeds (Potamogeton) , 
i water lilies {Oastalia and Nympha^a)^ and the lake bulrush 
cirpus) to establish themselves temporarily.*' In some of the 
?her parts of the morass the bog-meadow and bog-heath stages, 

which the Carex and Andromeda-Ledum associations predomi- 

•DavU, C. A., U. S. Geol. Survey Bull. 376, p. 13, 1909. 
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nate4l. may have followed in small areas. As the surficial depres- 
sions were relatively shallow, and as lo^ are found in nonfibn)us 
f>eat at depths r»f 5 to I') feet in many sections of the swamp, it is 
U'lif ved that de«ii|iiou< anil coniferous trees more or le:^ fully suf^er- 
5»e(]('il the other flora at an early ilate and contribute«^l the ^rreatcr 
part of the «U*ad vesretation from which the peat deposits of the 
reffion were formed. 

The pre-ent flora of the Dismal Swamp includes aquatic plants, 
the fern anil jK'at-moss association, deciduous and coniferous trees, 
and a>>oriat4M| urnkM^rrowth. Xearly the whole repion is forested, 
and the plant associations are so intimate that it is difficult to de- 
limit the <listinrt formations. However, the following ecologic 
classiflr-ation, whirh follows ronjrhlv the classification used bv 
Sehenek in " Hiolopie der Wassercrewachse." shows the most abun- 
dant plants that are now contributing to the formation of peat: 



Suhiiiersoil : 

rtri<-nlaria 8pp. 

UU-r-hi tluiiiins. 

IMiilotria i'nnn«lensls. 

SphamiUHi k«*sirneyl. 

fallitriHu' li«'t('ro[»hylla. 

.Tnnriis; roi^eiis. 

Lsnarrlia i>aliistri.s. 
Floating: «»ii tin* surfaro: 

Si»irf>«Iela ixilyrliiza. 

Tastalin r^rlnrata. 

Nyinpliaoa ndveiia. 



Aquatir phintH. 

FN la tine i>n the surface: 

Xeluinljo lutea. 

rutainof^t^tnn lonchites. 

rallitrlclie heterophylla. 
Itisfni; al»ovo the surface: 

Si)ar^niinn amlrodadam. 

Myriophylhiiii hotenvhyUnin. 

WiKxIwardia virjdnica. 

Krioplioriiiu vir]B:inicuin. 

DtHNiilon vert I cilia tns. 

Liinndonini tuberosum. 
I Sfthnpnum cyuibifoHum. 

Black fjuin n/ts<ocyition. 



Water ash (Fraxinns rarolinianaK 
Rattan ( r»»'n;h*'i»ii;i srainl»'iis ). 
Yellow Jessamin** (<I»'ls(»niluiii senip^r- 

virons). 
CroHs vine (BlKiionia (•apre<»lata). 



WattT ^'inn i Xyssa hiflora). 
15a M cypress (Taxo<Iiun] dlstlchnm)" 
Koti maple (Acer ruhmm) 
Ti^tron ^ni (Nyssa aqiiatica). 



Whitr (ffliir u.ssncwtion. 



Sliriihs (Ericaceae association). 
Cane (Animlinarla macrospi'rma)' 



I^iblolly pine (^Pinus taoda). 
Swoot bay (Ma^inlia vir;:inlana). 
White I'iMlan ("haniaeryparis thyoidos). 

Aquatic plants are found in nearly all the wetter parts of the 
swamp, notably in honie of tlie abandoned ditches, which have been 
(•om|)l<*teiy filled witli tiieni. However, in areas of dense shade they 
make little headway and are of minor importance in the formation 
of peat. 
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E'erns and peat mosses are found in the open parts of the region. 
hagnum cymbifolium grows in the shallow water and among the 
pes of the Woodwardia in the higher parts of the peat area. The 
\ts are usually submerged, and the stems, which range in length 
m 6 to 18 inches, rise above the surface. 

The water gum, locally known as black gum, and white cedar or 
liper forest associations predominate throughout the region and 
itribute the greater part of the dead vegetation that is now ac- 
nulating. The densely forested wetter part of the morass, espe- 
Ily the area surrounding Lake Drummond, is known as the black- 
n swamp. (See PL XVII.) It is characterized by the profuse 
>wth of black gum and its associated imdergrowth, although red 
pie is also abundant. Here immense quantities of peat are now 
umulating. The bald cypress is also still foimd in some parts of 

black-gum swamp but probably was more abundant in earlier 
irs. In fact, the most striking feature of the region is the weird 
►ect presented by the cypress knees in the interior and the belt of 

weathered cypress stumps standing on the margin of Lake Drum- 
nd and hung with Spanish moss. These stumps, which have sur- 
ed the attacks of the weather for many years, and the numerous 
ll-preserved cypress logs that are encountered several feet beneath 

surface indicate that cypress formerly contributed much more 
id vegetation to the peat deposits than now. 

Phe open, light parts of the morass, known locally as juniper 
imp, are largely occupied by the white-cedar association. In 
lier years these areas were completely forested by white cedar, 
: now, owing in part to the work of man, many of them bear a 
>wth of shrubs and cane. 

PBOPEBTISS. 

riie two leading kinds of peat in the Dismal Swamp are known 
ally as "black-gum peat" and "jimiper peat." The "black -gum 
it," which is dark brown or black, thoroughly decomposed, and 
atively homogeneous in structure, is found in what were formerly 
! wetter parts of the region, esi)ecially near Lake Drununond, and 
irs a growth of black gum, red maple, and bald cypress. It is well 
mified and almost destitute of fibrous structure. When dry it 
laks easily, leaving lusterless fracture surfaces. "Juniper i)eat," 
ich ranges from dark to light brown in color and is rather fibrous, 
found in the light or open swamp and bears a growth of white 
ar, pine, sweet bay, shrubs, and cane. Decomposition is not far 
danced and the peat contains many stems, roots, and logs. On the 
tern margin of the swamp near the source of Northwest River 
re is a typical area of this material. When dry it hardens in lump 
m and breaks with difficulty. 
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The chemical composition of peat in the Dismal Swamp is diown 
by the analyses given in the table (p. 50). "Black-gum peat" 
(samples 1^ 2, and 5), because of its thorough decomposition, contaiss 
more nitrogen and fixed carbon than " juniper peat '' (sample 4) and 
therefore is less acidic. It also contains less ash and is of greater 
commercial value. Where the ash content exceeds 8 per cent it con- 
sists chiefly of alumina and silica in the form of clay and «md. 

ASSOCIATED MABL. 

Shell beds or so-called marls underlie the peat deposits at many 
places in nearly all the counties of the Dismal Swamp region. Al- 
though no outcropping beds were observed in the areas tested for 
peat, it is said that many of these strata have been penetrated by 
wells and extensively exposed by drainage excavations. Shelb 
thrown upon the bank of Dismal Swamp Canal by dredges were seen 
near Deep Creek and Wallaceton, Va., and Lilly and Moyock, N. C. 
Several years ago a dredge of the Lake Drummond Canal & Water 
Co. in deepening the canal feeder penetrated a shell bed about mid- 
way between the source and mouth of the feeder. A large quantity 
of shell " marl ^ was thrown upon the bank at this point, but on ac- 
count of the action of the dredge and of the weather since that time 
it is now disintegrated and mixed with sand and clay. W. C. Mans- 
field, who identified the following fossils collected at this locality, 
believes that they are of Pleistocene origin : 

Venus mercenaria LiDn§. Area transversa Say. 

Ostrea virginica Gmelin. 

It has been said ^* that the age represented by these fossils is 
Pliocene, but as they are also found in the Pleistocene and underlie 
peat of late Pleistocene origin, it is probable that they belong to the 
Pleistocene series. 

An estimate of the quality of shell " marl '' in the Dismal Swamp 
region is not available, but if the material occurs in workable quan- 
tities and can be cheaply excavated, many peat areas in this region 
that on account of the acidity of the soil are now valueless for general 
farming could perhaps be economically treated with lime from these 
shell beds and made to yield large alkaline-soil crops* 

DISTRIBUTION AND QUANTITY. 

The Dismal Swamp covers approximately 2,200 square miles, of 
which a little more than 700 square miles has been permanently 
drained to a depth of 3 feet or more by Dismal Swamp Canal and 
smaller ditches. (See PI. XVI.) Much of the drained land is 

wDarton, N. H., U. S. Geol. Survey Geol. Atla«, Norfolk folio (No. 80), p. 8, 1902. 
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nned. In the remaining 1,500 square miles peat deposits ranging 
depth from 1 foot to 20 feet are found. The thickest beds lie in 
e region east and northeast of Lake Drummond, where peat 18 feet 
ep was exposed by comparatively recent excavations. The peat in 
is area is black and low in inorganic impurities and is probably 
e best in the swamp. In general, the depth of the peat gradually 
^creases toward the edge of the swamp, where the peat finally 
ergBs into the sands of the adjoining areas. The eastern border 
deeply indented by large tracts that have been drained, cleared, 
id cultivated. Some valuable peat is found in the southern and 
utheastem parts of the morass, but the northern and western parts 
ntain few deposits large enough to be of commercial importance. 
The Dismal Swamp is not entirely covered with peat — ^in fact, not 
ore than half of it contains peat of conmiercial value. In some 
irtB of the swamp the peat is too shallow to be worked profitably, 
id in others it contains so many roots, stumps, and logs that exca- 
ition by present methods would be impracticable. In many areas 
e peat has been destroyed by forest fires. In some of the heavily 
i^ested areas peat has never formed to great depths, perhaps be- 
use of the presence of excessive surface water and dense shade, 
Wch prevented the growth of shrubs, mosses, grasses, reeds, ferns, 
id other prolific peat-forming plants. From numerous test borings, 
eervations made along the banks of drainage canals, and informa- 
m furnished by drainage engineers who are familiar with the 
^amps, it is estimated that the average thickness of the peat is 7 
Bt. On the assumption that the uncultivated area of the Dismal 
^amp is 1,500 square miles, that about one-half of this area is cov- 
ed with peat averaging 7 feet in depth, and that the bog will 
eld 200 tons of dry peat per acre-foot, then the total available 
at in the Dismal Swamp is 672,000,000 tons. 

ABEAS TESTED. 

IfoTfotk County^ Va. — ^The best peat in the Dismal Swamp is 
und in Norfolk County, Va., in the territory northeast of Lake 
mmmond. This area is close to the truck-farming section of Vir- 
nia, to which the peat could be cheaply transported by means of 
e Dismal Swamp Canal. As shown by the analyses (p. 50) much 
this peat is high in thermal value and contains relatively little 
h and a fair percentage of nitrogen. It could therefore be used 
P fuel or as a nitrogenous ingredient of commercial fertilizer. 
It is reported that in 1860 a peat-fuel plant was erected near the 
e of hole A, described below, but that on account of economic con- 
ions which arose with the outbreak of the Civil War it was unsuc- 
sfol, and the machinery was dismantled. So far as known this 
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is the only attempt that has ever been made to market peat from the 
Dismal Swamp. 

^Vs shown on Plate XVI, test borings for peat were made akog 
the Norfolk & Western Railway, the Dismal Swamp Canal, the caml 
feeder, and the eastern shore of Lake Drummond. No peat of con- 
sequence was found in the region traversed by the railway, bot in 
the other areas the test borings gave the following results: 

Hole A was drilled at a point 1 mile north of Wallaceton and 300 
feet east of Dismal Swamp Canal. Nonfibrous peat, ranging in ocdor 
from dark brown to black, was found to a depth of 10 feet Sam- 
ple 1 was taken at a point 4 feet from the surface, and sample 2 at 
6 feet (See analyses, p. 50.) 

Hole B was made on the north bank of Nortliwest River, 300 feet 
east of Dismal Swamp Canal. Here 9 feet of peat similar in physical 
characteristics to the specimens taken from hole A was foonl 
Samples 3 and 4 were taken at depths of 4 and 6 feet, respectivdy. 

Hole C was sunk to a depth of 9 feet at a point midway between 
Jericho Canal and the source of the feeder ditch by which water 
is supplied to Dismal Swamp Canal. About 8 feet of peat, undtf- 
lain by white sand, was found here, but as it seemed to be similar to 
the material from holes A and B no sample was taken for analyos. 

Hole D, in which 10 feet of peat underlain by alternate layers of 
white sand and blue clay was found, was made 200 feet north of the 
water gate in the Dismal Swamp Canal feeder. The surface layer 
of this peat is black and well decomposed, but the subsurface lajWB 
range in color from dark to light brown. Sample 5 was taken 4 feet 
below the surface. 

Hole E was drilled on the bank of Dismal Swamp Canal opposite 
the mouth of the feeder. As the peat was rather fibrous and only 8 
feet deep at this point it was not sampled for analysis. 

Nwnserwond County^ Va. — Hole F was sunk on the south ade of 
Washington Ditch about a mile northwest of Lake Drummond, in 
Nansemond County. This boring, as well as four others at intervals 
of three-quarters of a mile northwestward along this ditch, failed 
to show peat in commercial quantities. From 1 to 3 feet of muck 
was found, and sample 6, consisting of a composite mixture of 
material from the surface to a depth of 3 feet, was taken in order 
to show its character. The absence of peat in this area may be due 
to the dense stand of mature timber and the excessive quanti^ of 
water that cover it, preventing the growth of shrubs, mosses, and 
other prolific peat-forming plants. 

CurrUuck Covmty^ N. C. — Hole J, in Currituck County, N. C^ 
was put down on the north side of Old Swampy Road about 800 
yards northeast of the line between Currituck and Camden countiefl. 
It penetrated 7 feet of black, thoroughly decomposed peat The 
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irea of this deposit is approximately 100 square miles, and for the 
most part the material is of the built-up type, though the deposit 
ocmtains some filled-basin peat. As shown by the analyses (p. 50), 
the peat is unusually high in thermal value, contains little ash and 
a vdatively high percentage of nitrogen, and seems to possess much 
value as a source of fuel and fertilizer. 

Camden Covmiy^ N. C. — ^Holes G, H, and I, which were sunk half 
a mile apart along Dismal Swamp Canal, and half a mile to 1-| miles 
northwest of Lilly, Camden County, N. C, failed to show peat of 
commercial value. Muck averaging d feet in depth was found, but 
it was not sampled. These tests, however, do not prove that there 
is no peat in workable quantities in the county. The vegetation in. 
the region consists chiefly of maples, sedges, grasses, canes, femsy 
and mosses. Sphagnum moss suitable for surgical dressings is 
abundant, and it is reported that pure sphagnum covers many square 
miles in the territory west of Dismal Swamp CanaL 

Otfier cowniies. — Large quantities of peat are said to occur in 
Perquimans and Pasquotank counties, N. C, but they were not ex- 
amined for this report. 

SOUTH CAROLINA. 

Although peat occurs in marshes and swamps adjoining Peedee, 
Sintee, and Combahee rivers and in salt marshes along the coast, 
notably in Greorgetown and Horry counties, many of the deposits 
are small and shallow and contain a large proportion of inorganic 
impurities. According to Sloan,*^^ the ash content of the peat where 
teeted in the counties mentioned is about 29 per cent, which shows 
tbat it is of no value for fuel. 

GEORGIA. 

Peat is found near Pineora, Effingham County, in the Okefenokee 
Swamp, and at other places in the soutlieastem part of G^rgia. 
The deposit near Pineora is reported to be about 600 acres in area 
tnd 5 feet deep and to be suitable for fertilizer. 

FLORIDA. 

OeneraZ features. — Peat deposits are distributed over almost the 
•ntire State of Florida, and that State probably contains more peat 
tttn any other, except Minnesota and Wisconsin. The deposits 
ftat have been examined appear to contain 1,000,000,000 tons, and 

fte Everglades, which have not been extensively tested, probably 

^^ — 

'Bloftii, Bftrle, Catalogoe of the mineral locaJitlefl of Sooth CHrolina: South CaroUna 
9eoL Surrey Bull. 2, ser. 4, p. 362, 1908. 

Sloes'"— 22 ^14 
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c(Hitain ftn equal quantity. The State is therefore believed to be 
capable of yielding 2,000,000,000 short tons of air-dried peat 

For the sake of convenience the deposits are roughly assigned 
to the following 14 regions, illustrated by Plate XVIII, and thou^ 
these regions are largely geographic, the peat shows some differences 
in origin and quality. The data here given were taken in subsUnoe 
from a report by the Florida State Geological Survey.'* For analyses 
of peats of Florida see pages 23-26. 

West coast region. — ^The west coast region includes a belt of land 
■B few miles wide along the western coast, which contains small quan- 
tities of good peat in depressions among sand dunes: Some peat is 
also found in the estuaries of Blackwater, Apalachicola, and other 
rivers, but these deposits contain so much inorganic material that 
they are of little economic value. 

West ptne-hiU region. — ^The climatic and floral conditions in the 
west pine-hill region are favorable for the formation of peat, but 
the topography is generally unfavorable. However, some peat of 
fair quality is reported to occur in some of the Tyty swamps. 

West limestone region. — ^The quantity of peat in the west limestone 
region is small. 

Middle ham/mock region. — ^Because of the few streams and the 
thorough drainage of the basins in the middle hammock region it 
contains relatively little peat. 

Lime-sink region. — ^The lime^sink re^on does not contain much 
peat. 

Middle fUttwood region. — ^Numerous deposits of shallow peat occur 
in the ponds throughout the middle flatwood region. 

Gulf hammock region. — Large peat deposits occur in lakes, rivert, 
and estuaries in the Gulf hammock region. The best deposit thus 
far tested is that at Lake Panasoffkee, Sumter County, which con- 
tains peat 20 feet deep of good quality for fuel or fertilizer. 

Lake region. — ^Thousands of small lakes containing extensive peat 
deposits occur throughout the lake region. In fact, peat of excellent 
quality is said to be found in nearly every square mile. The swamps 
and bogs are of different types, and consequently the peat varies in 
composition. 

East fMmood region. — ^The east flatwood region contains extensive 
peat deposits in the estuary of St. Johns River. As the river is navi- 
gable, the peat could readily be transported to market. The pre- 
dominant vegetation in this region consists of long-leaf and slash 
pine, saw palmetto, pond cypress, and sweet and black gum trees. 

EojSt coa^t region. — In a narrow region along the eastern coast o\ 
Florida from the northern boundary to Cape Florida, a distance oi 

■• Harper, R. M., Prollmlnary roport on the peat deposits of Florida : Florida Oeol 
Survey Third Ann. RopU, pp. 197-375, 1910 
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3re than 350 miles, barrier beaches, sand dunes, and lagoons con- 
ining fresh and salt water are common. Many of the fresh- water 
^oons contain good peat. 

South -flatwood region. — ^The south flatwood region embraces the 
irthem part of the Everglades and contains one of the most exten- 
^e peat deposits in the United States. 

Miami limestone region, — The Miami limestone region, which in- 
ides part of the Everglades, contains many peat deposits, most of 
lich are of swamp and estuarine origin. 

Coast prairie region, — The peat resources of the coast prairie region 
e reported to be relatively scanty. 

Key region. — ^The key region, though it is not a conmiercial source 
peat fuel, is interesting because most of its peat was formed by the 
^composition of debris from mangrove trees. 

OTHER STATES. 

As shown on Plate I, peat occurs in areas in southern Delaware and 
utheastern Maryland, but they were not examined for this report 

OTHEB BEGIOSTS. 
QJJLF OOAST. 

Peat occurs in a narrow belt of land along the coast of Alabama, 
ississippi, Louisiana, and Texas, but so far as the writers are aware, 
e deposits have not been examined. 

OAUFOBNIA. 

Although California contains several large deposits of impure 
at and muck, areas of undrained land in that State are relatively 
all compared with those of the States in the glacial and Atlantic 
istal regions that contain the most notable deposits of peat. The 
incipal deposits occur in Lower Klamath Lake, Siskiyou County, 
the lower valleys of Sacramento and San Joaquin rivers, and in 
s Angeles and Orange counties. Some peat is also found in San 
rnardino County and in the marshes adjoining San Francisco 
y and Salinas River. Many of the valley deposits, especially 
>se near Sacramento and Stockton, contain so much sand and silt 
It has been deposited by the rivers and are so deeply buried by 
draulic mining debris that they are of doubtful value for fuel, 
t much of this peat contains a high percentage of nitrogen and 
aid be advantageously used as a direct fertilizer or as an ingre- 
mt of commercial fertilizers. The peat lands in the lower valleys 
Sacramento and San Joaquin rivers are very fertile and bring 
?h prices when sold for agricultural use. 
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The f oUowing excerpt ** Gontains the best data available leUting 
to the distribution and quantity of peat in California: 

The large andrained river vaU^s of California are overgrown by tnle^ dock 
weeds, cat-tails, and other plants, and shonld therefore contain peat depogiti 
The deepest deposits are believed to occor in the area ert&Mng from Carquloei 
Straits to Stockton and Riovlsta, embracing 12 townaliips, 432 square mOei 
or 270,480 acres. The peat probably ranges ftom to 80 f^et In depth, or u 
average of 48 fleet. The eastern part has been covered bj dfibris from hy- 
daulic mines, and in other portions the peat is somewhat sandy. ProbtblT 
about one-half of the total area, or 138,240 acres contains peat. Of this iRt 
80,000 acres are known to contain good peat to a depth of at least 6 feet 
This tract Is therefore estimated to be capable of jieldlng 72,OOOjOOO short 
tons of air-dried peat If the entire 188,24a>acre tract contains peat 48 feet 
In average depth It should yield 1488384,000 tons, but It is probable that 
most of the material outside of the 60,000-acre tract is muck. It is unAr- 
tunate for the peat Industry that this land is among the most valuable in 
California for agricultural purposes, as it is therefore questionable whedier 
the peat would prove more valuable for fuel or fertilizer than for farming 

OBBQON AND WASHINGTON. 

The topography of Oregon and Washington is unfavorable for die 
accumulation of large deposits of peat. However, many small im- 
drained areas adjoining lakes and rivers in the central and eastern 
parts of these States contain small peat beds, but it is doubtful 
whether they are of commercial extent 

Peat has been reported to occur in some of the lakes and river 
valleys of Cowlitz, King, Pierce, and Snohomish counties, Wash^bnt 
most of it is believed to be high in ash and unfit for fuel. 

"•Reqoa, M. L., Bradley, F. W., and Stalder, W., Fuel rewaroes of California: Cob- 
monwealtli Club of San Frandaco Trans., 1912. 
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